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Schafer & Associates Waste Management
P.O. Box 6186 Land Reclamation
Bozeman, MT 59715 Resource Inventory

@ aferi (406) 5871-3478 Agricultural Consulting

May 6, 1991

o=
Mr. Pat Plantenberg = EC Y LA
Department of State Lands . L 1992
Hardrock Mining Bureau wey 141
1625 Eleventh Avenue  SiATE LANDS_

Helena, Montana 59620

Dear Pat:

Enclosed are two copies of Water Quality Data Report No. 2 summarizing the results
of the second round of water sampling at the W.R. Grace vermiculite mine near Libby.
Data for this report was collected March 25, 1992. Please forward one copy to Tom Reid

at the Water Quality Bureau.

There is little of interest in the water chemistry data. Most sample points showed
analyses which were slightly lower than those in November. We attribute this to dilution
with surface runoff. The asbestiform fiber analyses were somewhat different in that both
Lower Carney Creek and the tailings pond had considerably higher fiber counts than in
November. Lower Rainy Creek continues to show high asbestos fiber counts.

We did not sample pore water installations this time since our earlier sampling
produced the information we were looking for regarding the source of water in the toe
drains. Nor did we sample Upper Rainy Creek at SW-1 because the Rainy Creek diversion
was not being used. Instead, we sampled the entire Rainy Creek flow at SW-11 just

upstream of the tailings impoundment.

Let me know if you have any questions or comments regarding the data. I'm looking
forward to our meeting on tailings impoundment flood routing May 19th.

Sincerely,

[ ol
/ /] /.;/é%(ﬁ/\/
Tom Hudson

Project Manager
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1.0 BACKGROUND

The W.R. Grace vermiculite mine near Libby, Montana was closed in the fall of 1990.
As part of the reclamation and closure, particularly as it applies to areas around the tailings
impoundment, W.R. Grace submitted to the Water Quality Bureau a proposed Water
Quality Monitoring Plan in September, 1991 (Schafer and Associates, 1991). The purpose
of the Plan was to establish post-closure water quality data as a means of monitoring the
performance of facility reclamation measures.

The plan calls for water sampling at several locations in the Rainy Creek drainage
as shown on Figure 1.1. Contingent sampling on the Kootenai was proposed if initial data
on Rainy Creek indicated any potential health concerns. Four sampling campaigns were
proposed for the first year to assess seasonal variations in water quality. Additional annual
sampling campaigns for a minimum of three years following closure were also proposed.
The first sampling event took place in mid-November, 1991. This report presents the data
from the second sampling event performed on March 25, 1991.
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2.0 METHODS

Conditions at the time of sampling were sunny and very mild with a high during the
day of nearly 70° F. There was still some snow at the higher elevations but it was apparent
that there would be no significant spring runoff this year. The Rainy Creek diversion was
not in use; all of Rainy Creek flowed in the natural drainage into the tailings pond. The
impoundment was free of ice unlike our November sampling. The decant tower was still not
overflowing nor had it done so all winter long in spite of the fact that the impoundment was
receiving the entire flow from both Rainy Creek and Fleetwood Creek.

Sampling methods were outlined in the Water Quality Monitoring Plan (Schafer and
Associates, 1991) submitted in September, 1991 and modified slightly in the field as
described in Water Quality Data Report No. 1 (Schafer and Associates, 1992). Site SW-1,
Upper Rainy Creek above the diversion dam, was not sampled this time. In November,
Upper Rainy Creek was being fully diverted around the tailings impoundment, however flow
was reestablished in the natural channel before the tailings impoundment and this
necessitated an additional unplanned sample at SW-11. In March the diversion was not
being used and all flow was down the natural stream channel. W.R. Grace does this in the
coldest part of winter because of operational problems that are sometimes created by cold
weather. For this report we collected a single sample at SW-11 which is the total flow for
Upper Rainy Creek.

The preservation techniques and analytical methods used are summarized in Table
2.1. All samples were stored and shipped on ice. Two samples in glass containers (for TPH
analysis only) were broken in transit. Metals were analyzed as the "total recoverable" form
according to procedures outlined in Standard Methods for Examination of Water and
Wastewater (APHA, 1985).




Table 2.1. Summary of sampling and analytical methods for water samples.

TDS | EPA 160.1 TPH H,S0,/Glass EPA 418.1 Flow Pygmy current meter/ Baski
TSS EPA 160.2 Cu HNO,/PE EPA 220.1/200.7 || pH Field pH meter
Asbest. Fibers | EPA-600/4-83-043 || Zn HNO,/PE EPA 289.1/200.7 || EC Field EC meter
Hardness EPA 130.2 Cd HNO,/PE EPA 213.1/200.7 || DO Field D.O. meter
Alkalinity EPA 310.1 Pb HNO,/PE EPA 239.2/200.7 | Temp. Field meter
NO,; EPA 353.2 Hg HNO,/PE EPA 245.2

$0,? "EPA 375.3 Fe HNO,/PE EPA 236.1/200.7

cr EPA 325.3 As HNO,/PE EPA 206.3

F EPA 340.2 Ni HNO,/PE EPA 249.1/200.7

Ca EPA 215.1/200.7 || Cr HNO,/PE EPA 218.1/200.7

Mg EPA 242.1/200.7

Na EPA 273.1/200.7

K EPA 258.1/200.7

CO,?/HCO; EPA 310.1

' EPA procedures are described in 40 CFR Part 136, Table B. Procedures for asbestiform fibers are described in "Analytical Procedures
for Determination of Asbestos Fibers in Water' (EPA-600/4-83-043).

2 Samples were acidified to a value less than 2.0. The TPH sample was collected in a 1 L glass bottle; metals were collected in 500 m!
polyethylene (PE) bottles.




3.0 PRESENTATION OF DATA

Results of the March 25, 1992 sampling event are summarized in tabular form as
follows:

e Table 3.1 is a summary of field parameters including pH, electric conductivity (EC),
temperature and flow. Our dissolved oxygen meter was not available at the time of
this sampling trip, hence this data was not obtained.

e Table 3.2 is a summary of metal analyses including selected heavy metals and major
cations.

e Table 3.3 is a summary of miscellaneous analyses for various anions, petroleum
hydrocarbons, hardness, etc.

e Table 3.4 is a summary of asbestiform fiber analyses.

Raw analytical data from Energy Laboratories and EMS Laboratories used to
prepare Tables 3.2, 3.3 and 3.4, are included in Appendix A and B, respectively.




Table 3.1. Field data summary.

SW-1 Upper Rainy Creek above diversion dam Not Sampled

SW-2 Fleetwood Creek above coarse tails 8.50 0.45 6.8 0.34'

SW-3 Upper Carney Creek at Zook's Dump 8.06 0.70 10.8 <.012

Sw-4 Lower Carney Creek above Rainy Creek 8.61 . 0.58 4.6 0.512

SW-5 Tailings dam toe drains , . 7.26 0.68 9.8 1.26"

SW-6 Tailings pond outfall (surface water sample, only) 8.66 0.36 8.9 0.00

SW-7 Lower Rainy Creek leaving mine property 7.87 _ 0.58 6.5 2.59'

Sw-8 Lower Rainy Creek above Kootenai River 7.98 0.57 53 292

SW-9 Kootenai River above Rainy Creek Not Sampled*

SW-10 Kootenai River below Rainy Creek Not Sampled*

SW-11°% Rainy Creek flow into tailings pond 8.18 0.32 4.6 1.46'
PW-1 Tailings Pond pore water Not Sampled

|5w—2 Groundwater near SW-11 Not Sampled

Flow measurement was made with a Pygmy current meter.

Flow measurement was made with a Baski cutthroat flume.

The dissolved oxygen meter was not available.

Samples of the Kootenai River were not taken as discussed in the Water Quality Monitoring Plan.

The Water Quality Monitoring Plan did not include this site. Rainy Creek reestablishes itself between the diversion dam and the tailings
impoundment.

O b W N =



Table 3.2. Laboratory data summary for metals.

SW-1 Upper Rainy Creek Not Sampled
above diversion dam

SW-2 Fleetwood Creek <0.005 Kk0.001 |<0.02 | <0.01 0.03 k0.01 [<0.001 }<0.03 |<0.01 8 79 15
above coarse tails

SW-3 Upper Carney Creek | <0.005 k0.001 |<0.02 | <0.01 0.53 k0.01 |<0.001 |<0.03 | <0.01 9 106 26
at Zook's Dump

SW-4 Lower Carney Creek |<0.005 k0.001 |<0.02 | <0.01 0.11 k0.01 [<0.001 |<0.03 | <0.01 12 85 26
above Rainy Creek

SW-5 Tailings dam toe 0.005 k0.001 1<0.02 | <0.01 0.06 K0.01 |<0.001 }<0.03 | <0.01 12 a3 25
drains

SW-0 Blind Control 0.005 k0.001 |<0.02 <0.01 0.06 K0.01 |<0.001 |<0.03 | <0.01 12 a3 25
(Replicate of SW-5)

SW-6 Tailings pond surface | <0.005 <0.00% | <0.02 | <0.01 0.19 L0.01 <0.001 |<0.03 0.01 6 51 13
water

SW-7 Lower Rainy Creek <0.005 K0.001 }<0.02 | <0.01 0.15 FO.O‘I <0.001 |<0.03 0.02 10 87 22
leaving mine property

SW-8 Lower Rainy Creek <0.005 kO0.001 | <0.02 <0.01 0.11 k0.01 |<0.001 }<0.03 | <0.01 10 87 21
above Kootenai River

.SW-9 Kootenai River above Not Sampled
Rainy Creek

SW-10 Kootenai River below Not Sampled
Rainy Creek

SW-11 Rainy Creek flow into | <0.005 K0.001 |<0.02 | <0.01 0.24 k0.01 }|<0.001 |<0.03 0.01 4 64 11
tailings pond

PW-1 Pore water from Not Sampled
tailings

PW-2 Groundwater near Not Sampled
SW-11 .




Table 3.3. Laboratory data summary for miscellaneous constituents.

SW-1 Upper Rainy Creek Not Sampled
above diversion dam

Sw-2 Fleetwood Creek 18 4 0 293 291 1 258 240 | <0.05 | 0.26 |<O.1
above coarse tails

SW-3 Upper Carney Creek 11 2 0 452 431 6 371 370 0.06 | 0.21 |<O.1
at Zook’s Dump

SW-4 Lower Carney Creek 21 3 0 . 370 349 4 316 303 | 023 | 020 |<O0.1
above Rainy Creek

SW-5 Tailings dam toe 12 7 0 397 383 3 335 325 | 0.06 | 3.0 No
drains Data'

SW-0 Blind Control 12 7 0 392 375 <1 334 321 007 | 32 |<O.1
(Replicate of SW-5)

SW-6 Tailings pond surface 9 3 0 206 191 12 182 169 | <0.05 | 0.29 |<0.1
water

SW-7 Lower Rainy Creek 11 7 0 350 329 |- 6 308 287 | <.05 {17 |[<0.1
leaving mine property

Sw-8 Lower Rainy Creek 11 7 0 345 293 5 303 282 | <0.05 { 1.5 |<O.1
above Kootenai River '

SW-9 Kootenai River above Not Sampled
Rainy Creek

'SW-10 Kootenai River below Not Sampled

Rainy Creek

SW-11 Rainy Creek flow into 5 <1 0 236 196 36 205 193 | <0.05 | 0.13 No
tailings pond Data’

PW-1 Pore water from Not Sampled
tailings

PW-2 Groundwater near Not Sampled
SW-11

' Sample bottles broke during shipment.
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SW-1 Upper Rainy Creek Not Sampled
above diversion dam

SW-2 Fleetwood Creek 0.8 89 | 3.1 2.3 47
above coarse tails

SW-3 Upper Carney Creek 0.3 20.7 5.3 1.6 50
at Zook’s Dump

SW-4 Lower Carney Creek 1 65 55 19 950
above Rainy Creek

SW-5 Tailings dam toe 1.6 <1.6 <1.6 <1.6 BDL*
drains '

SW-0 Blind Control 0.2 <0.2 <0.2 <0.2 BDL*
(Replicate of SW-5)

SwW-6 Tailings pond surface 8.2 500 270 120 1800
water

SW-7 Lower Rainy Creek 1 66 34 9.2 180
leaving mine property

SW-8 Lower Rainy Creek 0.8 51 . 30 9 270
above Kootenai River

SW-9 Kootenai River above Not Sampled
Rainy Creek

SW-10 | Kootenai River below Not Sampled
Rainy Creek '

SW-11 Rainy Creek flow into 2 1.9 2 2 1.6
tailings pond

* MFL = Million fibers per liter; BDL = Below detection limit



4.0 DATA ANALYSIS

The significant findings of this sampling event are as follows:

Streamflow was about 50 percent higher than in November. This appears to have
resulted in a dilution of dissolved solids in most samples. Predictably, the tailings
impoundment toe drain water chemistry is virtually unchanged because it receives
little or no direct surface runoff. The stability of this sample location is also reflected
in the volumetric flow which was about the same as in November. The tailings pond
surface water showed substantially higher dissolved solids than in November when ice
was on the pond surface. This observation reinforces our theory that successive
freeze/thaw cycles may purify the water at the surface of the pond.

The elevated zinc concentrations encountered on the earlier sampling event appear
to be much lower on this round of sampling but the samples showing detectable
levels are generally at the same locations as in November.

Higher asbestiform fiber counts were measured at SW-4 (Lower Carney Creek) and
SW-6 (tailings pond surface water). The Carney Creek fiber count can probably be
attributed to higher runoff. The high impoundment fiber counts may be due to the
absence of an ice layer on the pond. It was breezy the day of sampling and the wind
may have caused suspension of particles near the shore. SW-11 (Rainy Creek above
the tailings pond) also had a slight showing of asbestiform fibers whereas in
November there was none detected. We attribute this to the overall heavy suspended
solids load in this particular sample. The sample was taken in mid- to late-afternoon
when the temperature was highest and runoff appeared to be high as well. The
sediment loading in Upper Rainy Creek was clearly visible at the time of sampling.
Extensive clear-cutting in the Upper Rainy Creek drainage may be a contributing
factor.

We have assembled a mass flow schematic diagram for the sampling area in Figure
4.1 as we did in the prior data report. Lower Rainy Creek again appears to be a
major source of asbestiform fibers but Carney Creek is a significant factor in the
overall fiber loading, accounting for 61 percent of the total load discharged at the
mouth of Rainy Creek. This is a result substantially different than seen in November.
The Lower Carney Creek sample has a higher average fiber mass than other samples.
This suggests a possible transport mechanism to explain variations in data observed
to date. During periods of high flow, relatively coarse material may wash out of the
Camey Creek drainage and settle out in the Rainy Creek drainage. It is probable
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Figure 4.1  Schematic flow diagram of the Rainy Creek drainage with mass flow
measurements for selected components.




Table 4.1 A comparison of measured water quality data with drinking water standards.

that our sampling does not measure a significant portion of material transport in
which material shifts in the stream bed without ever becoming fully entrained. These
larger particles may be attrited into smaller more readily transportable particles which
are carried out at a more uniform rate. Interestingly, on this round of sampling at
least, the tailings impoundment was actually working to reduce asbestiform fibers in
stream flows entering it. Both Upper Rainy Creek and Fleetwood Creek had
detectable levels of asbestiform fibers but the toe drains, which were the only points
of discharge from the pond, did not.

Table 4.1 compares measured water quality values to existing standards. Once again,
fluoride and asbestiform fibers appear to be the primary areas of concern. One
sample (SW-3, Upper Carney Creek at Zook’s dump) was slightly above the drinking
water standard for Fe. Lower Carney Creek is within that standard, however.

Cd <.001 0.005" All

Cr <.02 : 0.1' ' All

Cu <.01 1.0 All

Fe 0.03 to 0.53 0.3 SW-3

Pb <.01 ' 0.05 All

Hg <.001 0.005 All

Ni <.03 All

Zn <0.01 to 0.02 5.0 SW-7
Asbestos (MFL) <0.2to0 120 7.0"? SW-6

S0,* 3to21 250. SW-4

cr <1t07 250. SW-§, -7 and -8
NO, <0.05 to 0.23 10.0 SW-4

F 0.13to 3.0 : 20 SW-5

pH (su) 7.26 to 8.66 6.5t0 8.5 SW-5(min); SW-6(max)
TDS 191 to 431 500. SW-3 J)

1
2

These standards are added or revised effective July 1992.
Fiber counts are based on fibers greater than 10 microns in length with an aspect ratio greater
than 3:1. -

4-3
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APPENDIX A

ENERGY LABORATORIES DATA REPORTS



/?fyfj?ﬁ’ )4 / ENERGY LABORATORIES, INC.

;. LABORATORIES P.0. BOX 30916 * 1107 SOUTH BROADWAY e BILLINGS. MT 59107-0816 « PHONE (406) 252-6325
L

T10:
ADDRESS:

LABORATORY REPORT

RECEIVED APR 15 18

g

FAX {406) 252.6069 < 1-800-735-4489

Schafer & Associates LAB NO.: 92-11554
P.0O. Box 6186 DATE: 04/13/92 rh

Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine
SWO
Sampled 03/25/92 @ 1455
Submitted 03/27/92

Constituent

Potassium . .. ... e e e
Sodium .............. e P
Calcium ... . e e e e e,
Magnesium . . ... ... ittt e,
Sulfate . .. ... .. i i e e i e e
Chloride ... ... ittt ittt ittt
Carbonate . ... it i e e e e
Bicarbonate ... ... i e e et e
Total Dissolved Solids @ 180°C ...............
Total Suspended Solids . ............ ... ......
Total Hardness as CaCO, ......... ... . .....
Total Alkalinity asCaCO,; ......... ..
Nitrate plus Nitriteas N . ....................
[0 T8 T 5 T 1=
Total Acidity as CaCO,.. ... .o oviv i i i i i it
Total Petroleum Hydrocarbons* .. ..............

Total Recoverable Metals

7 £ -1 =T YT
(F- T 2117 11 2 J

[T o3 2

* Analysis done by EPA Method 418.1.

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE

.. 0.005
.. <0.001
.. <0.02
.. <0.01
v 0.06
. <0.01
. <0.001
.. <0.03
.. <0.01



/:Fﬁj 1EREY ENERGY LABORATORIES, INC.

LABORATORIES P.0. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS, MT 591070916 « PHONE (406) 252.6325
/ , FAX (406) 252.6069 » 1-800-735.2489
LABORATORY REPORT

10: Schafer & Associates LAB NO.: 92-11555
ADDRESS: P.0. Box 6186 DATE: 04/13/92 rh
Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine
SW2
Sampled 03/25/92 @ 1435
Submitted 03/27/92 .

Constituent ma/l{ppm
Lo €= E-37 11 {5 8
SodiUM . L. e e e e et e 5
Calcium .. . e e e e e e 79
MagnesSiUm ..ttt ittt e i e e e e 15
Sulfate ... ... i e e e e et e e e 18
Chloride .. ... it ittt ittt it i e 4
Carbonate . ............c...... e e e 0
Bicarbonate . ... ...ttt i e 293
Total Dissolved Solids @ 180°C .. ....... i, .. 291
Total Suspended Solids . .. ..., 1
Total Hardness as CaC0O; ......... ... ... 258
Total Alkalinity as CaCO,; .........c. i e.n 240
Nitrate plus Nitriteas N . ... ... ... .. ... <0.05
Fluoride . .. ... it e e e e e e e, 0.26
Total Acidity as CaCO; . ... .o vt i it i i e 0
Total Petroleum Hydrocarbons* ... ............... <0.1

Total Recoverable Metals

2N Y= T <0.005
Cadmium .. ...t i i e e e e <0.001
ChrOmMIUM .. ittt i ittt i e ettt st nannennns <0.02
L0 0 o o T T <0.01
1 oY o T _ 0.03
lead . .......¢ .. e e e e e e e <0.01
MerCUrY . i . it it ittt et e e e <0.001
Nickel . ...ttt i i et et ettt tieeeee e <0.03
AT o 1o J S e e s s e s e s e st e e ae e <0.01

* Analysis done by EPA Method 418.1.

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE



LHERGY

LABORATORIES

TO:
ADDRESS:

ENERGY LABORATORIES, INC.

P.O. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS. MT 591070916 + PHONE (406) 2526325
FAX (406) 2526069 « 1-800-735-4489
LABORATORY REPORT

Schafer & Associates LAB NO.: 92-11556

P.O. Box 6186 DATE: 04/13/92 rh
Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine
SW3
Sampled 03/25/92 @ 1315
Submitted 03/27/92

Constituent ma/l{ppm
POtasSiUM & . i i it e e e e e e 9

Lo Jo 118 12+ KRR 8

000 ] o 1] 2 « Y 106
Magnesium .. ... .ttt i e e 26
SuUlfate ... i e i et et e et e e e e 11

L0 5 1o ¢ o - 2
Carbonate . ... v it e e e et e e e 0
Bicarbonate .. ... it i e e e e e 452
Total Dissolved Solids @ 180° C . ......... .. 431
Total Suspended Solids_ . . ......... ..., 6
Total Hardnessas CaCO; ...................... 371
Total Alkalinityas CaCO; .......... .., 370
Nitrate plus Nitriteas N .. ... ..... ... ... 0.06
[ 8T T [ 0.21.
Total AcidityasCaCO, . ..... .o iii v, 0
Total Petroleum Hydrocarbons® . ................. <0.1
Total Recaverable Metals

- =T o 1o <0.005
(00 T'a s 2 111 2 1 1SS <0.001
(] 277 T4 11 L1 o TP <0.02
072 T 1T <0.01
1 Y o ' 0.53
102 Yo 1 <0.01
1Y 1= oV o VO <0.001
V[T <= <0.03
AT o Yo S <0.01

* Analysis done by EPA Method 418.1.

AAs i T CARANARMMENTAL ANAL VTIC Al QFRVICE




/_'Z-'ﬁfﬁﬁ Y / ENERGY LABORATORIES, INC.

LABORATORIES P.O. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS. MT 59107-0916 « PHONE (406) 2526325
[ FAX (406) 2526069 « 1-800-735-4489

LABORATORY REPORT
T0: Schafer & Associates LAB NO.: 92-11557

ADDRESS: P.0O. Box 6186 . DATE: 04/13/92 th
Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine
sSw4
Sampled 03/25/92 @ 0945
Submitted 03/27/92

Constituent ma/l{ppm)
POtasSSIUM ..t ot ittt et e 12
£5Te T L1812 2 WO 9
Calcium ..... @ ittt e et e e . 85
Magnesium . .. ... ...t i e 26
Sulfate ... .. i e e e e e e e e 21
Chioride . .. v it it et it e e e s e i e e e 3
Carbonate . ... .. ittt i e e 0
Bicarbonate .. ... ... ..ttt i e e 370
Total Dissolved Solids @ 180°C ......... e 349
Total Suspended Solids . . .. ... .o, 4
Total Hardness as CaCO, ....... . ., 316
Total Alkalinity as CaCO; . ... v i, 303
Nitrate plus Nitriteas N ... ... ... .. i 0.23
Fluoride ... v i it it it ettt et te e 0.20
Total Acidity as CaCO; . . . v v v v ittt i e e e 0
Total Petroleum Hydrocarbons* . ................. <0.1

Total Recoverable Metals

ArSBMIC . i vt v it ittt ittt it e e <0.005
ToF- Lo [ 2011012 o JER OO <0.001
CRIOMIUM .« . vt it it e ettt s bt et ee s nneaeaeas <0.02
0o T 1T <0.01
7 oY 2 T ‘ 0.11
1= Yo 1 <0.01
Y 1= o T <0.001
Nickel ..o v ittt i i et i et ti e e <0.03
AT Yo J P <0.01

* Analysis.done by EPA Method 418.1.

~Ano ETE ENVIRANMENTAL ANALYTICAL SERVICE



ENZRBY/ ENERGY LABORATORIES, INC.
| 1aBoRATORIES |

P.O. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS. MT 591070916 « PHONE (406) 252-6325
FAX (406) 2526069 « 1-800-735-4489

LABORATORY REPORT

TO: Schafer & Associates LAB NO.: 92-11558

ADDRESS: P.O.Box 6186 DATE:

Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine
SW5
Sampled 03/25/92 @ 1100
Submitted 03/27/92

04/13/92 rh

Constituent mg/{ppm)
o] €= 12118 s o 1 12

15T oY 11712 « SO 7
CalCiUm .ttt st ittt et e e e e 93
Magnesium . ... ... .ttt e e 25
LT = 1 (- YO 12
Chloride ... it it ettt et e e 7
Carbonate . .. i e e e e e et e 0]
Bicarbonate . ... ...ttt e e e i e e 397
Total Dissolved Solids @ 180°C . ................ 383
Total Suspended Solids . . ... ... ... ... .. 3
Total Hardness as CaCO; . ... vviiiieiinnnnnn. 335
Total Alkalinity as CaCO,; ...... ¢ ... 325
Nitrate plus Nitriteas N . ... ... .. ... ... 0.06
Fluoride . ..o i ittt i i et et e it e e e 3.0
Total Acidity as CaCO,. . .. ... oo vttt i i 0
Total Petroleum Hydrocarbons ... ................ .
Total Recoverable Metals

N -T2 o2 0.005
CadmiUm ..t ittt s e e e i <0.001
L0 o o 13 1115 T <0.02
0+ o -1 L <0.01

1 e o T 0.06
10 - [ <0.01
MEeICUIY ..ttt ittt ittt <0.001
13 o3 <= <0.03
74 o o <0.01

* The total petroleum hydrocarbon sample froze and broke during shipping.

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE




EHERBT ENERGY LABORATORIES, INC.

1LABORATORIES P.O. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS. MT 59107-0916 « PHONE (406) 2526325
{ FAX (406) 2526069 * 1-800-735-4489
LABORATORY REPORT

TO: Schafer & Associates LAB NO.: 92-11559
ADDRESS: P.O. Box 6186 DATE: 04/13/92 rh
Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine
SW6
Sampled 03/25/92 @ 1130
Submitted 03/27/92

Constituent maq/l{ppm)
Lo} &= T3 11 1 o Y 6
Sodium . . e e et e e e 4

L7 1 o1 | o« T 51
Magnesium . ... ...ttt i e 13
LT - 2 9
Chiofide ... i ittt ittt i ettt e i et 3
Carbonate ........c.c.uiiiiiiiie i nnanneean 0o
Bicarbonate ... ...ttt e e e e e e 206
Total Dissolved Solids @ 180°C . .......cvvv v .. 191
Total Suspended Solids . .................co.... 12
Total Hardness as CaC0O, ......... ... 182
Total Alkalinity as CaCO; ......... ... 169
Nitrate plus Nitriteas N .. ..................... <0.05
Fluoride ... .. it it ittt et e e 0.29
Total Acidity as CaCO; . ... ..o iv v viii i, 0
Total Petroleum Hydrocarbons®* . ................. <0.1

Total Recoverable Metals

N =T o 1o <0.005
Cadmium . .. e e e e e <0.001
Chromium . . ..o it e i it it et e e e <0.02
04 o - <0.01
o T : 0.19
1=« <0.01
MEICUIY . ittt ettt ettt e et e sea s tsannann <0.001
Nickel ...ttt ittt it ittt ie st it e e <0.03
ZINC vttt e e e e e e e e 0.01

* Analysis done by EPA Method 418.1.

~AMDEETE EMIRNNMENTAL ANALYTICAL SERVICE




ENERGY

LABORATORIES

TO:
ADDRESS:

ENERGY LABORATORIES, INC.
P.0. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS, MT 59107.0916 « PHONE (406) 252.6325

FAX (406) 2526069 » 1-800-735-4489
LABORATORY REPORT

Schafer & Associates LAB NO.: 92-11560

P.O. Box 6186 DATE: 04/13/92 rh
Bozeman, MT 598715

WATER ANALYSIS

W.R. Grace Mine
SW7
Sampled 03/25/92 @ 0900
Submitted 03/27/92

Constituent ma/{ppm
POtaSSIUM . ...ttt et e e et e e 10
1o Lo 112 4 T 7

L 1 o117 ¢ T 87
Magnesium . ....... ..ttt e 22
oYU 1] 7= {7 11
Chloride . ...ttt e i et ittt 7
Carbonate . .... ...ttt ittt it it e e 0
Bicarbonate ... ... i ittt e i e e e 350
Total Dissolved Solids @ 180°C . .......o v vn. .. 329
Total Suspended Solids . ............ e e 6
Total Hardness as CaC0O,; . ..........iiiinnnnn 308
Total Alkalinity as CaCO,; . ........ ... 287
Nitrate plus Nitriteas N . ... ... ... ... . ... <0.05
Fluoride . ... i ittt ittt ettt ie et e 1.7
Total Acidityas CaCOy . .....c oot il iii ... 0]
Total Petroleum Hydrocarbons® . ................. <0.1

Total Recoverable Metals

Arsenic ..

Cadmium
Chromium

Mercury

Nickel . ..
Zinc ....

................................. <0.005
................................. <0.001
................................. <0.02
................................. <0.01
................................. . 0.15
................................. <0.01
................................. <0.001
................................. <0.03
................ e et e 0.02

* Analysis done by EPA Method 418.1.

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE




/:Wf}?ﬁ 7/ ENERGY LABORATORIES, INC.

Z LABORATORIES P.O. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS. MT 53107-0916 s PHONE (406) 2526325
FAX (406) 2526069 « 1-800-735-4489
LABORATORY REPORT

TO: Schafer & Associates LAB NO.: 92-11560 dup
ADDRESS: P.O.Box 6186 DATE: 04/13/92 rh
Bozeman, MT 538715

QUALITY ASSURANCE - DUPLICATE ANALYSIS

W.R. Grace Mine
SW7
Sampled 03/25/92 @ 0900
Submitted 03/27/92 -

Constituent ' mag/l{ppm
PotassiUm ... ..t it e e e e e 10
Yoo 11T o Y 6

[ 1 o] 11 » « 1 86
Magnesium . . ... e e e 22
Sulfate ..... @ e e e e e e e 11
Chloride .. .. i ittt it ettt e tiie i ien e 7
Carbonate . .......... i iiintnnnnnnnnns A 0
Bicarbonate . ... .. ...t ittt 351
Total Dissolved Solids @ 180°C ....... v v, 277
Total Suspended Solids . . ............ e e e 7
Total Hardness as CaCQ; ... ... . i viiivn s - 305
Total Alkalinity as CaCQ, .........cocvvivin, 288
Nitrate plus Nitriteas N . .. .. ... ... . .. <0.05
Fluoride ...... e e e et e e e e e e 1.8
Total Acidity as CaCO; . .. ..o v vt i i i i e 0
Total Petroleum Hydrocarbons . .................. N/A

Total Recoverable Metais

- - T= £ 1 <0.005
Cadmium . ... e e e e e <0.001
10 1o 1 111 ¢ o YN <0.02
(s o o 1= <0.01
1 o) 2 Y ' 0.15
- - o <0.01
MEICUNY &ttt it ittt et tnees st aa et nnnansns <0.001
Nickel .. ...t it i i e e e e aaaas <0.03
ZiNC .ttt i e Pt 0.02

~ram'eTE EanaNNMFNTAL ANALYTICAL SERVICE




// FMNERGY /"" ENERGY LABORATORIES, INC.

l‘,ﬂ”‘rﬂ”lis // P.0. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS, MT 59107-0316 « PHONE (406) 2526325

LABORATORY REPORT

FAX (406) 252-6069 « 1-800-735-4483

TO: Schafer & Associates LAB NO.: 92-11561

ADDRESS: P.O.Box 6186 DATE:

Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine
SW§8
Sampled 03/25/92 @ 0730
Submitted 03/27/92

Constituent

POtaSSIUM & i vt it i e et e e
SOAIUM . vt s e e e e
Calclum .. . i e e e e e e e
Magnesium . ... ... i e e
1Y} - 1 (- PSR
Chloride .. . v i it i i e e e e e e e
Carbonate . .. it et e e e e e s
Bicarbonate . ... .. .. it i e e
Total Dissolved Solids @ 180°C . ................
Total Suspended Solids . . ........c ...
Total Hardness as CaCO, ....... ... . ...
Total Alkalinityas CaCO, .......... ... ... . ...
Nitrate plus Nitriteas N ... ......... ... ........
Fluoride . ..... ..ttt it tein e
Total Acidity as CaC0; & . .ot vt i i et i s
Total Petroleum Hydrocarbons*

Total Recoverable Metals
ATSBIIC & ittt ettt et ettt et s ee e e

CadmiUmM . .ttt e e e e e e e e e
10030 0 1 (T 12 + A

MEICUIY . it ittt et ittt ettt i e e,
Nickel . ... il i i i it
A T o VoS e e e,

* Analysis done by EPA Method 418.1.

04/13/92 rh

<0.005
<0.001
<0.02
<0.01
0.11
<0.01
<0.001
<0.03
<0.01



' | ZHERBY

/ LABORATORIES

ENERGY LABORATORIES, INC.

P.O. BOX 30916 * 1107 SOUTH BROADWAY e« BILLINGS, MT 531070916 « PHONE (406) 2526325

FAX (406) 2526069 « 1-800-735-4489

T0:
ADDRESS:

Schafer & Associates
P.0O. Box 6186

LABORATORY REPORT

DATE:

Bozeman, MT 58715

QUALITY ASSURANCE - SPIKED ANALYSIS

W.R. Grace Mine
sSws
Sampled 03/25/92 @ 0730
Submitted 03/27/92

LAB NO.: 92-11561 spi

04/13/92 rh

Constituent % _Recovery
POtassiUM . ..t e e e e 100
1510 Yo 1% [ 2 TG 102
CalCium . oot e e e e e e e 99
Magnesium . ... ... .t i e 103
SUlfate . . i e e e e e e e e e 100
Chlofide ... it it ittt ettt ittt e it e 99
Nitrate plus Nitriteas N .. ... ........ .. ... 106
FIUORde . o v v it i i et et et e s et e e e 108
Total Recoverable Metals

ArSBNIC & i it ittt i e e e 104
Cadmium . . .. e e e e e e e e 105
10 27T 1 1 (1] 1 o TSR 96
00 o o= 105
7o T 103
[0=Y - Yo 1O 100
Y=Y o U o e 96
Nickel .o v ittt et et et e e s e a7
74 T o T2 96

~mamn CTE ENVIRONMENTAL ANALYTICAL SERVICE




| ZHERBY / ENERGY LABORATORIES, INC.

TORIE P.O. BOX 30916 * 1107 SOUTH BROADWAY « BILLINGS, MT 59107.0916 + PHONE (406) 252-6325
Z LABORA d FAX (406) 2526069 + 1.800-735-4489

LABORATORY REPORT

TO: Schafer & Associates " LABNO.: 92-11562
ADDRESS: P.O. Box 6186 DATE:  04/13/92 rh
Bozeman, MT 59715

WATER ANALYSIS

W.R. Grace Mine
SW11
Sampled 03/25/92 @ 1535
Submitted 03/27/92

Constituent ' ma/l(ppm
POtASSIUM . o i ittt et et et ettt e e 4
SOdIUM v st e e e e e e e e 3
Caltium .ttt st e e et e e e 64
Magnesium . ........ ittt i ' 11
T TR -1 < - 5
Chloride . ..ttt i ittt i et s ittt i <1
CarbonNate . ... i ittt e e e e e e 0
Bicarbonate . ... .. i ittt i e e e 236
Total Dissolved Solids @ 180°C . ........ccc ... 196
Total Suspended Solids . . ............ e e e e 36
Total Hardness as CaCO; ... ..ot 205
Total Alkalinity as CaC0O, .........civiiiinnn.. 193
Nitrate plus Nitriteas N . ............. ... .0.... <0.05
(e 1 T L~ 0.13
Total Acidity as CaCOy . . . v v i i i e 0

Total Petroleum Hydrocarbons .. ................. *

Total Recoverable Metals

ATSENIC © vt v ittt et i et i oe e sees e . <0.005
- T 1 1110 11 2 TS <0.001
082700112117 L1 + DR <0.02
000« o 1T <0.01
1o o S AU e e et e e e et ) 0.24
102 - T SO <0.01
MEICUTY v v vttt et e et s e oen st vaanananneeans <0.001
Nickel & ittt it ittt et i it i e sttt e <0.03
.4 o Vo S et e e et 0.01

* The total. petroleum hydrocarbon sample froze and broke during shipping.

COMPLETE ENVIRONMENTAL ANALYTICAL SERVICE




APPENDIX B

EMS LABORATORIES DATA REPORTS




DATE: April 15, 1992

CLIENT: Schafer and Associates
P.O. Box 6186
Bozeman, MT 59715
ATTENTION: Tom Hudson
REFERENCE: Letter dated March 26, 1992.
REPORT NO.: 24142
SUBJECT: ANALYSIS OF WATER SAMPLES BY

TRANSMISSION ELECTRON MICROSCOPY

ACCREDITED: National Institute of Standards and
Technology through NVLAP
(Laboratory No. 1218)

CERTIFIED: California Dept. of Health Services for
Asbestos by TEM (ELAP E719)

Nine water samples were submitted for TEM analysis of asbestos structures.
The sample was analyzed according to the U.S. EPA method EPA-600/4-83-043.

The samples were identified as surface water from W.R. Grace mine:
SW6-4
SwW3-4
SW0-4
SW11-4
Swg-4
SW2-4
.SW5-4
SW7-4

The test reports are enclosed.

Respectfully submitted,

- 1.0 Comy
EMS LABORATORIES, INC. ot ™ "‘re,%

.s‘ irhama [ I
7 Airtome Asbestos "fa

P % Asbesios Bulk Samnle s
BI )AL ¥
CREN 1A 3
~ NINYZITAN ]
B.M. Kolk S NG ;L_B%’]] 3
Laboratory Director > . ) )
0, EMS Labozat3riss, Inc, o0
. LebCade: 1218 }0@

BMK/kat | cc}b”?:a_; pud <0

This report, from a NIST accredited laboratory through NVLAP, must not be used by the
client to claim product endorsement by NVLAP or any agency of the Government.

GO EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406.




ANALYSIS OF WATER BY TEM (EPA-600/4-83-043)
LAR NO: 24142
CLIENT: SCHAFER & ASSOC.

FILTER MEDIA DATA

Labaoratory Client Type Diameter | Effective Area No. of G.O. Analyzed Sample

1.D. 1.D. mm mmA*2 Area, mm42 Volume (ml’
24142,0-4 SW 0-4 MCE 47 1017 21 0.1302 50
24142.2-4 SW 2-4 MCE 47 1017 21 0.1302 10
24142.3-4 SW 3-4 MCE 47 1017 21 0.1302 25
24142.4-4 SW 4-4 MCE 47 1017 8 0.0496 20
24142.5-4 SW 5-4 MCE 47 1017 21 0.1302 5
24142.6-4 SW 6-4 MCE 47 1017 4 0.0248 5
24142.7-4 SW 7-4 MCE 47 1017 8 0.0496 20
24142.8-4 SW 8-4 MCE 47 1017 8 0.0496 25
24142.11-4 SW 11-4 MCE 47 1017 21 0.1302 4

INDIVIDUAL ANALYTICAL RESULTS

Laboratory Client No. of Asbestos Detection CONCENTRATION { MFL )

1.D. 1.D. Str >5 >10 Limit {MFL) Str Sir >5um ] Sir >10um
24142.0-4 SW 0-4 N.D. N.D. N.D. 0.2 N.D. N.D. N.D.
24142.2-4 SW 2-4 15 4 3 0.8 12 3.1 2.3
24142.3-4 SW 3-4 52 17 5 0.3 ' 16 5.3 1.6
24142.4-4 SW 4-4 116 53 18 1 120 55 19
24142.5-4 SW 5-4 N.D. N.D. N.D, 1.6 N.D. N.D. N.D.
24142.6-4 SW 6-4 94 33 15 8.2 770 270 120
24142.7-4 SW 7-4 1101 33 9 1 100 34 9.2
24142.8-4 SW 8-4 99 37 11 0.8 81 30 9
24142.11-4] SW 114 12 1 1 2 3.9 L/O} 2

The analysis was carried out to the approved TEM method. This laboratory is in compliance with the quality specified
by the method. '

/3 T )k ,

Authorized Signatlre

(B EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406:




EMS ran duplicate preparationson the following samples for QC:

Sample No. Original Result Duplicate Result

SW 3-4 16 MFL 14 MFL

SW 5-4 BDL (DL 1.6 MFL) BDL (DL 1.2 MFL)
SW 6-4 770 MFL 750 MFL

SW 4-4 120 MFL 220 MFL

(Replicate Preparation)

300 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065




Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

IEMS No. 24142 Cllient SCHAFER & ASSOC.

Sample No. SW 0-4

Date 4/6/92

Total Asbestos Fibers *BDL MFL
Chrysotile Fibers *BDL MFL
Amphibole Fibers *BDL MFL
> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) *BDL MFL
Mass (Chrysotiie) *BDOL ng/L
Mass (amphiboie) \ ‘BDOL pg/L
More/lLLess than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole

Fibers in Sample LESS

Poisson 95% Confidence Interval 0 to 0.6 MFL
Detection Limit 0.2 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP
0 0 0 0 0 0
Particle Width - Microns
O -.04 .05 - .09 g - .14 15 - .19 2 - .24 .25 & UP
0 0 0 ) 0 0 0

Aspect Ratio L/W
0 - 99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 499 50 & UP
0 0 0 0 0 0

CGXAS EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406
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TABLE
™ -
CM -
0 -
CQ -
M -
cQ -
NAM -

TABLE
UF -
AD .
A, -
ADX -
AQ -
Az -
AQ -
AZQ -
Az -
Az -
N -

CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLQGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology
Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SASD pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY
Unidentified Fiber

Amphibole by random orientation SAZD ‘shows layer
pattern of 0,53 nm spacing)

Amphibole by qualitative SDXA. Spectrum has elemental
components consistent with amphibole

Amphibole by random orientaticn SAED and Qualitative
EOXA

Amphibole by Quant<tative EDXA
Amphibole by one Zone Axis SAED

égg:ibole by random orientation SAED and Quantitative

émphibo1e hy one Zone Axis SAED pattern and Quantitative
DXA

Amphibole by two Zone Axis SAED patterns with consistent
inter-axial angle

Amphibole by two Zone Axis SAED patterns, consistent
inter-axial angle and Quantitative EDXA

Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043) :

EMS No. 24142 Client SCHAFER & ASSOC.
Sample No. SW 2-4

Date 3/31/92

Total Asbestos Fibers 12 MFL
Chrysotile Fibers *‘BDL MFL
Amphibole Fibers 12 MFL
> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 3.1 MFL
Mass (Chrysaotile) *BDL pg/L
Mass (amphibole) 47 pg/L
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole _

Fibers in Sample MORE

Poisson 95% Confidence Interval 6.6 to 19 MFL
Detection Limit 0.8 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP
0 0 2 1 1 11
Particle Width - Microns
O - .04 .05 - .09 d - .14 15 - 19 2 - .24 .25 & UP
0 1 0 ; 3 3 - 8

Aspect Ratio L/W
0 - 99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
4 6 4 | 0 0 1

OO EMS LABORATORIES

117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406:



M Abﬁhb Uz A.NALY blb FILTER TYPEJAREA (mm?)

wcenss ] . mcnoscove[:l :
MS Lab No. 2 son[ ]
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S1-Mar—-1992 03:04:05 24142-5SW2—-4, A, #01,5A

ENERGY COUNTS X—-RAY LINES

0. 51 7238. C HKAl, O KARZ, V LAL, V LA, V LEL, V LBG1
0. 99 149, Zn LAL, In LAZ, In LE1

1. 85 5383. Mg KA1, Mg KAS, Mg KEL

1.74 16643, 8i KAlL, Si KAz

2. 89 134. & KA1, § KAZ
2. 64 80. Cl KA1, Cl KAZ
3. 31 393. K KA1, K KAz
3. 69 3961. Ca KA1, Ca KAZ
4. 02 495. Ca KE1, Ca KE3
5. 91 344, in KAL, Mn KAZ

6. 40 1739. Fe KA1, Fe KAz

7. Q& =57, Fe KBl, Fe KE3



31—-Mar—199& 039:13:35 S4142-SWe—~4, A, #03, SA

ENERGY COUNTS X—-RAY LINES

0. 51 1453, 0 KAi, O HKARZ, V LAL, V LA, V LEL, V LGI
1.i26 780. Mg KALl, Mg KAZ, Mg KBl

1.73 2930. Si KAL, Si KAZ

3.9 115. K KALl, K KAz

3.69 . S64. Ca KA1, Ca KAZ

4,01 79. Ca KE1, Ca KE3

6. 39 342. Fe KAl, Fe KAZ

7.01 . Fe KB1, Fe KBR3




ENERGY

S1-Mar-13392

COUNTS X—RAY LINES
4327. O HKAL, O KAz,
254,  Na KAL, Na KA
2945, Mg KAL, Mg KAS
10423,  Si KAL, Si KAZ
325, K KAL, K KAZ
1804. Ca KAl, Ca KAZ
236. Ca KEl, Ca KE3
160.  Mn KAL, Mn KA
1430, Fe KA1, Fe KAZ
191. Fe KEl, Fe KE3

3l1—-Mar—1392 Q03:22:16
Execution time =
24142~-SWE~-4, A, #0&, SA
Vert= S00 counts
Ernergy Counts

0. 32 583. g K

vV L
1.23 310, Mg H
1.74 i08a. Si K
2. 60 114, Cl K
3.693 247, Ca K
6.38 206. Fe K

Quantex?
0. 240 Rarnge=

vV  LAl,

Zn LA1,

09:15:16

Mg KE1

Digp=
X—-Ray Lines

v

8 seconds

1
.
Mg
Si
Cl

Ca

Fe

M

K

K

K

E414e—swe—4,n,#ot§sn

vV LAz, V LEI1,
Zn LAZ, In LE1,
Freset=

vV LG1

Zn LG1

Elapsed=

Integral 8

10,230

r

0]



Sl-Mar—199& 09:26:3535

Executicrm time = 15 seconds
24142-5W2-4, A, #07, 5A Freset= Off
Vert= E00 counts Digp= 1 Elapsed= 31 secs
Energy Counts X-Ray Lirnes
0.51 731. 0 K 0 K ,V L ,V L , Vv L ,
vV L
0.93 156. In L 5, In L , ZIn L
1.25 313, Mg K , Mg K , Mg K
1.73 1432. Si K , Si K
3. 30 103, K K , K K
3.69 133. Ca K , CaHK
&.39 419, Fe K , Fe K
Quantex)
0. 240 Ranpe= 10,230 keV 10,230

Integral 8 = 308



2vi Ao ES « IS (N YU D

S Lab No. 20/492

£

L. Crtnm Lar
ple No. 2278 1y

SWZ-4y

/O ) 7’7 /‘ MICR()S(;:::::
GRID __ —_ LLULY
i s wustE{
zl_‘f:_] 4 |:] IUI2se [::]

Gruf Adkfress / 7

Screen Magnilication ‘4 Z ;5’ COx

Catneea Cosrstant % . /

Accclerating Voltage 10KV

Beam Cunient _Ls.l____ [
Analyst Ipaa//\_q . . .. . Dac _3[_& —

Dimensions (mm) Fiber Classification "EDS Analysis ' !
Grid opening] Str_#]Str]] Width | Length J|NAMITM CM]CD|CD ova]coal || Ap] Ax abx| ac] apo]Azajazz) [naIMg] Sifca [ re]id Commaents
(1) ] T 2 175 W
c2) _INsh ’
1= N VI I
Nl I = <N T4 v 211017 12 Tyomolike
2 ﬁp_ L 1o ¢c— v NG o) K-8 Wi | mamolite,
AT RN (“géf 7 310l Rlr | | 2marte
N g | 2 / 31181310 TYemollk.
L) VAR Al RS %9 b - / £ hals lal NPemoik,
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Sl-Mar—-13992 03:85:31

Execution time = 8 seconds
24142-SWE—-4, B, #0L, RS Freset= Qff
Vert= 200 counts Disp= 1 Elapsed= 48 secs
Energy Counts X—-Ray Lires
1. 26 3238. Mg K ., Mg K , Mg K
1.74 1405, Si K , 81 K
3.70 19¢. Ca K , Ca K
€.39 217, Fe K , Fe K
Quantex?
Q. 240 Rarge= 10,230 keV 10, 230

Irtegral 8 = 253




3l-Mar-13992 09:&
Execution time =
24142-SUWe~4, B, #08, RS

159

8 seconds

Freset=
Elapsed=

Integral &

vert= 200 counts Disp= 1

Evergy Counts X-Ray Lirnes

1.25 218. Mg K , Mg K , Mg K

1.74 840, Si K , Si K

3. 67 277. Ca K , CaH

6.38 a7v. Fe K , Fe K
Quarntex>

0. 240 Range= 10,230 keV

Jl-mar-1932

09:32:16
Executicon time =
24142-SW2-4, B, #04, RS

€& secoands

Disp= 1

Vert= 200 counts

Energy Counts X-Ray Lines

1,85 502, Mg K , Mg K , Mg K

1.74 173¢. Si K , 81 K

3.70 502, Ca K , Ca K

6. 37 156, Fe K , Fe K
GQuantex?

. 240 Rarige= 10, 830 keV

Freset=
Elapsed=

Integral 8

Qff

Off

20 secs

=230



3l-Mar—-1992
Execution

time

Q9:34:47

=

7 seconds

24142-SWa~4, B, #05, RS

Vert=

1.5

S00 ccunts
Erergy Counts

88et.

Disp=

i

Freset= Off
Elapsed=

)
<

X-Ray Lines

Mg K
Si K
Ca K

Ca K

K o, Mg K
K

K

secs



3l1-Mar—=1992 03:43:44 24142-5WE—-4, B, #06, RS

ENERGY COUNTS X—-RAY LINES
1.01 1Sz, Na KAl, Na HKAZ, In LAL, In LAZ, In LE1, In LG1
1.29 S67. Mg KA1, Mg KAz, Mg KEBE!
1.74 €919, 8i KALl, Si KAz
3. 32 2E3. K HKAl, K HKAS !
3.69 S19. Ca KA1, Ca KAS
6.329 &333. Fe KAL, Fe KA
7.03 326, Fe ME1, Fe HKEZ
31-Mar—1332 03:45:46
Executicon time = 7 seconds
24142-SW2-4, B, #07, RS Freset= Off
Vert= 200 counts Disp= 1 Elapsed= 34 secs
Erergy Counts X~-Ray Lires
1.74 402, Si K , Si K
3.63 1317. Ca K , Ca K
4,03 116, Ca K , Ca K
E. 40 335. Fe K. , Fe K
Quantex)
Q. 24Q Rarge= 10,230 keV 10,230

Integral 8 = 206




31-Mar-1992 03:43:08
Execution time =
24142-SWa—-4,8B, #08, RS

7 seconds
Freset= 0Off

Vert= 200 counts Disp= 1 Elapsed=
Eviergy Counts X-Ray Lirnes
1. 26 &30, Mg ¥ 4, Mg K , Mg K
1.74 1373, Si K , 51 K
3.63 884, Ca kK , CaHK
4.03 110. Ca K , Ca ¢k
6.39 468. Fe K , Fe H
7.05 €8. Fe K , Fe K
Guantex?
Q. 240 Rarige= 10,230 keV

Integral 8 =

18 secs

i
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3l-Mar—1992 10:11:45

Execution time = 7 seconds :
c4142-5W2-4, C, #01,SA . Preset= Off
Vert= 200 counts Disp= 1 Elapsed= 32 secs
Eriergy Counts X—Ray Lirnes
.51 1255. 0O K ,0 K oV L , Y L ,V L ,
V L
1.29 760, Mg K , Mg K , Mg K
1.72 2333, Si K , 81 K
3. 31 91, K K , K K
3.70 3648. CakK , CaHK
&. 38 331, Fe K , Fe K
Guantex?
0. 240 Ranpe= 10,230 keV 10,230
Integral 8 = 405
31-Mar—1392 10:18:37
Execution time = 7 seconds .
24142-SW2—-4,C, #03, 5A Freset= Off
Vert= 200 counts Disp= 1 Elapsed= &8 secs
Ernergy Counts X—-Ray Lines
0.51 2462, 0 K ,0 W , vV L , v L ,V L ,
vV L
1.24 1623, Mg K , Mg K
1.74 4774, Si K , S8i K
3.69 1416. CakK , CaK
4,01 154. Ca K , CaHK
6. 39 424, Fe K , Fe K
Quantex)
Q, 240 Range= 10,230 keV 10,230

Integral 8 = a4




3l-Mar—1992 10:21:03 24142-8WE-4, C, #04, 5SA

ENERGY COUNTS X-RAY LINES
0. 51 253e. 0O KAl, 0 KAz, Vv LAL, V LAz, V LEi, Vv LGI
1.02 127. Na KA1, Na KAZ, Na KBEl, Zn LAl, ZIn LAZ, In LE1,
Ir LG1

1.&5 1280. Mg KA1, Mg KAz, Mg KBl

1. 47 132, Al KAI, Al KAZ

1.73 5250, Si KA1, Si KAz

3.3 170, K KAl, K HKAZ

3. 69 gaa8. Ca KA1, Ca KA=

4, 04 8z. Sc KRAZ, Ca KB1l, Ca KR3

5.88 101, M KAL, Mn KA

B. 39 911. Fe KA1, Fe KAZ




3l-Mar—1992 10:41:20
Executiorn time =
24142-SW2-4, C, #06, SA

& seconds

Vert= oS00 counts Disp= 1
Ernergy Counts X-Ray Lines
0. 31 1476. 0O K , 0 K ,
A
1.24 6. Mg K , Mg K
1.74 2742, i K , 8i K
3. 69 610, Ca kK , Ca K
6. 39 43¢, Fe K , Fe K
Quantex?
Q. 240 Ranpge= 10,230 keV

Freset= 0Off

Elapsed=

10, &
Integral 8 =

L

-
()

[&]

1]

46 secs

L



TABLE
™ -
(w, | -
co -
o -
cMQ -
coq -
NAM -

TABLE
UF -
AD -
AX -
ADX -
AQ -
AZ -
ADQ -
AZQ -
AL -
AZZQ -
NAM -

3'

CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morpholagy
Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysoti1e Morphology and composition by
Quantitative EDXA

Chrysotile SASD pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY
Unidentified Fiber

Amphibole by random orientation SAZD ‘shows layer
pattern of 0,53 nm spacing)

Amphibole by qualitative EDXA. Spectrum has e1edehta1
components consistent with amphibole

Amphibole by random orientaticn SAZD and Qualitative
EDXA

Amphibole by. Quant®tative EDXA
Amphibole by one Zone Axis SAED

égggibole by random orientation SAED and Quantitative

égggibo1e by one Zone Axis SAED pattern and Quantitative

Amphibole by two Zone Axis SAED patterns with consistent
inter-axial angie

Amphibole by two Zone Axis SAED patterns, consistent
inter-sxial ancle and Quantitative EDXA

Non-Asbestos Mineral



Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043) .

EMS No. 24142 Client SCHAFER & ASSOC.
Sample No. SW 3-4

Date 3/31/92

Total Asbestos Fibers 16 MFL
Chrysotile Fibers 0.3 MFL
Amphibole Fibers 16 MFL
> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 5.3 MFL
Mass (Chrysotile) 0.002 png/L
Mass (amphibole) 50 png/L
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole

Fibers in Sample MORE

Poisson 95% Confidence Interval 12 to 21 MFL
Detection Limit 0.3 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP
0 1 9 4 5 33
Particle Width - Microns
O -.04 .05 - .09 d - .14 15 - 19 2 - .24 .25 & UP

pl
0 3 1 9 8 31
Aspect Ratio L/W
0 -99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
17 18 11 3 - 1 2

UGS EMS LABORATORIES

117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406%
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Sl-Mar-1932 10:26:09

Execution time = 6 seconds
24142-SW3-4, A, #02, RS Freset= OQff
Vert= S00 counts Disp= 1 Elapsed=

Eviergy Counts X—Ray Lines

0.938 aa. In L 4 In L

1.25 1180, Mg , Mg K , Mg K

1.74 4136. St K , 8i K

3.28 8z. K K , K K

3. 69 727. Ca K , CakK

3.39 33. Ca K , CakK

G. 40 &, Fe K , Fe K
Guantex) 1287, Fe K ., Fe K

0. 240 Range= 10, 230 keV 10,
Inteqral 8 =

31-Mar—-1392 10:28:39
Executicn time = 7 seconds
24142-SW3-4, A, #03, RS Freset= 0Off
Vert= S00 counts Disp= 1 Elapsed=

Erergy Counts X—-Ray Lines

1.25 17€8. Mo K , Mg K , Mg K

1.74 6811. Si K , Si K

3. 32 az. K K , K K

3.69 1434, Cak , CaM

4,02 132, Ca K , Ca K

6.33 330. Fe K , Fe K

7.07 111. Fe K , Fe K
Guantex)

Q. 240 Rarnge= 10.230 keV 10.
Integral 8 =

15 secs

=230

&51

13 secs

230

2981



Sl-Mar—-1922 10:30:26

Executiconm time = 7 seconds
24142-SW3-4, A, #04, RS Freset= O0OffFf
Vert= 200 counts Disp= 1 Elapsed= o2 secs
Energy Counts X~-Ray Lines
1.285% 1540, Mg K , Mg K , Mg K
1.74 S731. Si K , 51 K
e 30 390. K K , K K
3.69 9793, CakK , CaHK
4,03 112, Ca Kk , CakK
4. 49 &5. Ti K , Ti K
6. 40 1134, Fe K , Fe K
Guantex) 157. Fe K , Fe K
Q. 240 Range= 10.230 keV 10,230

Integral 8 = 893



31-Mar—1992 10:44:27

Executicn time = 7 seconds

24142-5W3-4, A, #0535, RS
Vert= S00 counts
Eviergy Counts

Disp=
X—-Ray Lines

1

1.25 437. Mg K , Mg K
1.73 1871. 51t K , 8i K
3. 29 113, K K , K K
3.673 306, Ca K , CaK
6. 40 251. Fe K , Fe K
Quantex?
0. 240 Rarige= 10,230
31-Mar-19392 10:46:40
Executicn time = 7 seconds
24142-5W3E~4, A, #O6, RS
Vert= 1000 counts Disp= 1

Erergy Counts

1.25 2415. Mg
1.74 74835. Si
3. 30 114, K
3.69 2033. Ca
4,082 178. Ca
6. 40 685. Fe
Quaritex?
Q. 240 Range=

K

K

3

Mg
Si
K

Ca

Fe

H
K

K

Freset=
Elapsed=

s Mg K

keV

Integral 8

Freset=
Elapsed=

X-Ray Lines

s Mg K

Integral 8

aff
44 secs
10,230
= 225
Off
=4 secs
10. 230
= 1111



3i-Mar—-1992 11:06:25

Execution time = 7 seconds
24142-SW3-4,RA, #11, RS Freset= OQOff
Vert= S00 countes Disp= 1 Elapseds 27 secs
Erergy Counts X-Ray Lires
1.85 1043, Mg K , Mg K , Mg K
1.74 3736. 81 K , Si K
3. 30 101, K K , K K
3.69 741, CaK , Ca K
&. 37 293. Fe K , Fe K

Guantex)
Q. 240 Rarige= 10, 230 keV 10,230
Integral 8

]
w
puly
(3
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2l—-Mar—1992 11:02:28
Execution time =
24142-SW3-4, B, #01, SA

Vert= 9S00 counts
Erergy Counts
0.51 1723, 0

Vv
1.24 918. Mg
1.73 3305, Si
3. 68 ele. Ca
4,04 5. Sc
&. 28 804, Fe
7.04 iz8. Fe

Guantex)

0. 240 Rarnge=

Disp=
X-Ray Lirnes

i0.&

7 seconds

1

g

5i

Ca

Ca

K

K

K

K

K

Ca K

Freset=
Elapsed=

Integral 8

Off
22 secs
v oL,
10,230
= 44




31-Mar—1992 13:19:40 E4142-5W3~4, B, #0Z, SA

ENERGY COUNTS X—RAY LINES
0,91 2704, 0 KR, O KAz, V LA, V LAz, V LEL, Vv LGI
1.C1 100, Na KAl, Na KAz, Zn LAL, ZIn LAZ, ZIn LBLl, ZIn LG1
1.235 1E63. Mg KA1, Mg KA, Mg KEL
1.74% S411. Si KA1, 8i KAz
2. 62 &7. Cl KAl, Cl KAz
3.2 165, K KA1, K KpAz
2. 69 1046, Ca KA1, Ca KAz
4, O 112, Ca KE1l, Ca HKE3
T. 92 91. Mn KA1, Mn KAZ
&. 40 880, Fe KAl, Fe KAz
7.03 397. Fe KBl, Fe HKE3
Il-Mar—199¢ 13:20:32 .
Execution time = 7 seconds
24142-SW3—4, B, #03, SA Freset= Off
Vert= 500 cournts Dlsp: i Elapsed= ot
Energy Counts X—-Ray Lines
Q.52 1184, O K ,0 K , vV L , Vv L , v L |,
v L
1.25 663, Mg K , Mg K , Mg K

1.73 2095. St K , 8i K

S. 21 o99. K K 4 K K
3. 69 428, Ca K . Ca K
6. 39 280. Fe K , Fe K
7. 04 az. Fe K , Fe K
Quantex)
Q. 240 Rarnges= 10,230 keV 10,230

Integral 8 =




31-Mar—13992 13:81:23 24142~-SW3-4, B, #04,5A

ENERGY COUNTS X~RAY LINES

0. 51 3890. 0 KAl, O KAZ, V LAl, V LAZ, V LEl, V LG1
1.01 222,  Na KA1, Na KAz, In LAL, Zn LAZ, Zrn LB1, In LG1
1.5 2362. Mg KAl, Mg KAE, Mg KE1

1. 47 95. Al KAL, Al KAz

1.74 8608.  Si KA1, Si KAZ

3. 38 190. K  HKAl, K KAZ

3.59 811. Ca KAil, Ca KAZ

4,01 123. Ca KBl, Ca KEBE3

4, 48 63. Ti KA1, Ti KAS

5. 39 80. Cr KAl, Cr KAZ

5. 38 191.  Mn KAL, Mn KAZ

6.38 200S. Fe KAL, Fe KAZ

7. 04 286. Fe KEl, Fe KE3

7.31 23. Ni KAl



ENERGY

5. 90

E. 40

7.04

COUNTS

1898.

a8.

3830.

14z,

703,

&67.

Sl-Mar—-199&8 13:23:40 24142-SW3-4, R, #0535, SA

X—RAY LINES

0 KAL, O KAZ, V LAL, V LAZ, vV LEL, V LG1
Na KAl, Na KAZ, ZIn LA1, ZIn LAZ2, ZIn LELl, In LG1
Mg KA1, Mg KAZ, Mg KE1
S5i KAl, Si KA2
K KA1, K KAZ
Ca KA1, Ca KAz
Ca KBl, Ca KE3
Mn KALl, Mr KAZ

Fe KA1, Fe KAZ

33

Fe KEl, Fe KE




ENERGY

COUNTS

21-Mar—1992 13:28:33

X—-RAY LINES

0 KAL, 0O KAz, V LAL, V LAz,
Na KALl, Na KAz, Iw LAl, In LAZ,
Mg KA1, Mg KAZ, Mg KEBIL

Si KA1, Si1i KAS

K KA1, K KA

Ca KA1, Ca KAZ

Ca KE1, Ca HKE3

Mr KAZ

Fe KA1, Fe KAz

Fe KBl1, Fe HKR3

vV LE1,

Zv LEL,

v

Zn

Z4142-SW3-4, B, #0O6, SA

LG1

LG1
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3l—-iMar—1992 15:09:36

Execution time = & seconds

24142,8W3-4,1C, 01,6A Preset= Off

Vert= S00 counts Disp= 1 Elapsed= 39 =secs
Energy Counts X~Ray Lines
1.35 334, Mg K 4, Mg K , Mg K

1,74 1419. Si K , Si K
3.69 z61. Ca K , Ca K
6. 41 377. Fe K , Fe K

Quantex)
Q. 240 Rarpe= 10. 230 keV 10,230
Integral 8 = 20&




Sl-Mar—1992 15:17:39

Executior time = & seconds

24142, SW3~-4, 1C, 02, GA
Vert= 1000 counts
Erergy Counts

1.25 3030, Mo
1.74 12494, Si
3.33 257. K

3.69 cech. Ca
4,03 &81. Ca
6. 40 1721, Fe
7. 04 =80. Fe

Quantex?
Q. 240 Ranpe=

Disp= 1

K

K

K

K

K

X-~Ray Lires

s Mg K,
s 51 K
s K K
s Ca K
« Ca K
, Fe K
s, Fa K

10.230 keV

Preset= Off
Elapsed= 31 secs

10,230

Integral 8 = 1840




Sl-Mar—193& 13:18:45
Execution time = &
24142, 5W3-4, 1C, 03, GA
Vert= 1000 counts
Erergy Counmts

1.29 2566. Mg
1.74 143213, Si
Z.33 291. K

2.69 2963, Ca
4. 03 Z96. Ca
6. 40 S01E. Fe
7. 04 348;. Fe

Quantex)
Q. 240 Range=

K

K

K

K

K

M

18

seconids
Disp= 1
X-Ray Lines
K Mg
K- 4, Bi
K , K
K 4, Ca
K 4, Ca
K , Fe
K . Fe
10,230

Freset=
Elapsed=

Integral 8

aff
35 secs

n
1Y)

-~
'~

1O

2080



Sl-imar—-1992 15:42:1%

Executicon time = 7 seconds

24142,58W3-4, 1C, 04 GA Fresat= Off

Vert= 1000 countg Digp= 1 Elapsed= i80 secs
Energy Counts L—Ray Lines
1.25 4835, Mg M . Mg K , Mg K

1.74 17846, Si K, Si K
3. 69 408E. Ca K , Ca K

€. 40 3083. Fe K , Fe K

Quantex?
Q. 240 Rarige= 10,230 keV 10.830
Integral 8 = :

Do
()
9]
)]



Sl-Mar—-1992 15:52:37

Execution t

ime

24142, SW3~4, 1C, 05 GA

Vert= SO0 counts
Ernergyvy Counts
1.e5 496. Mo
1.74 2143, Si
2. 33 91. K
3. 69 247 . Ca
E. 40 S569. Fe
7.01 86. Fe

Guantex?

0. 240

Rarnge=

7 seconds

Freset= (OFff

Disp= 1 Elapsed= 30 secs

K

K

K

K

K

24

X-Rav Lines

. Mo K . bdo K

, S5i K
, K K
. Ca K
. Fe K
., Fe K
10,230 keV 10,230

Integral 8 = 318



3l—-Mar—1392 15:01:43
= 6 seconds
24142, SW3-4, 1C, 08 GA

Execution

Vert=
Energy

Q.38
1.26
1.74

.68

]

E. 40

7.06

Guantex?

0. 240

time

S00 counts

Counts
110, yAq
529, Mg

2459, Si
130. M
7. Ca
703. Fe
115, Fe

Range=

Disp=
A—-Ray Lines

L

K

K

K

K

K

M

1

v
Mg
Si

K

L

K

H

K

Freset=
Elapsed=

Integral &

10.230

-
(2w

i



31-Mar—-1992 16:04:22
time = & seconds
24142, SW3~4, 1C, 0§ 6A

Execution

Vert= 500 counts
Eviergy Counts
0.98 127. In
1.25 654, Mg
1.74 =923, Si
3.3 17¢&. K
3. 69 341. Ca
6. 40 834. Fe
7. 06 144. Fe

Ghuantex)

0, 240 Rarnpge=

Freset= Off

Diep= 1 Elapsed= 41 secs
X~Ray Lirnes
L« Zn L
K 4, Mg K , Mg K
K . 81 K
K 4 K K
K . Ca K
K  Fe K
K o, Fe K
10,230 keV 10,230

Integral 8 = 465



Jl-Mar—-1932 16:16:57

Executicn time = 7 secornds
24142, 8W3-4, 1€, 08 GA Freset= Off
Vert= 500 counts Disp= 1 Elapsed= =7 secs
Ernergy Counts A-Ray Lines
1.25 446, Mg K , Mg K , Mg K
1. 74 20931, 51 K, S1 K
2. 03 83. F K . F K
3.70 471, Ca kX , CalK
4,03 84, Ca K , Ca K
& 41 758, Fe X , Fe K
7.07 76. Fe K . Fe K

Quantex?
O. 240 Rarnge= 10,230 keV 10,230
Integral & = 369



I1l—-Mar—19392 16:22:33

Execution time 6 seconds

4142, BW3-4, 12,09 GA Preset= Off
Vert= 500 counts Disp= 1 Elapsed= 28 secs
Eviergy Counts X—-Rav Lires
1.35 413. Mo K . Mg K . Mg K
1.74 1624, Si K . S5i K
3. 63 Z96. Ca K , Ca K
6. 40 =43, Fe K+ Fe K

Quantex?
Q. 240 Ranpge= 10, 230 keV 10.230
Integral 8 = 230

-




co
cQ
cMQ

coQ

NAM

UF
AD

AX
ADX

AQ
AZ
ADQ

AZQ
AZZ
AZZQ

NAM

TABLE 3.

TABLE 4.

CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology
Chrysotile SAED pattern
Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SASD pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

Unidentified Fiber

Amphibole by random orientation SAED ‘shows layer
pattern of 0,53 nm spacing)

Amphibole by qualitative EDXA. Spectrum has elementa)
components consistent with amphibole

Amphibole by'random orientaticn SAZD and Qualitative
DXA

Amphibole by Quanttative EDXA
Amphibole by ane Zone Axis SAED

égpzibole by random orientation SAED and Quantitative
X

égp:ibo!e by one Zone Axis SAED pattern and Quantitative
X

Amphibole by two Zone Axis SAED patterns with consistent
inter-axial angle

emphibo1e by two lone Axis SAED patterns, consistent
inter-axial angle and Quantitative EDXA

Non-Asbestos Mineral !



Analysis of Water by Transmission Electron Microscopy

EMS No. 24142

Sample No. SW 4-4

Total Asbestos Fibers

Chrysotile Fibers
Amphibole Fibers

> § Micron length (chrysotile)
> 5 Micron length (amphibole)

Mass (Chrysotile)
Mass (amphibole)

More/Less than 5 Chrysotile
Fibers in Sample

More/Less than 5 Amphiboie
Fibers in Sample

Poisson 95% Confidence Interval

Detection Limit

(EPA-600/4-83-043)

Client SCHAFER & ASSQC.
Date 4/13/92
120 MFL
*BDL MFL
120 MFL
‘BDL MFL
55 MFL
*BDL ng/lL
950 ng/L
LESS
MORE
97 to 140 MFL
1 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP
0 3 12 7 14 80
Particle Width - Microns
O - .04 .05 - .09 A - .14 15 - .19 2 - .24 .25 & UP
0 5 12 / 20 16 63

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
27 37 25 13 4 10

OG3/X0 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406:




<AV O L) AuvALa DL AREA (men? . M
zMSLabNo.__ 24142 rLmmn F:c(mu) - MICROSCOPE —
lient __ Schaif e ucnneng \ & m\.@i :
>ample N Swy— 4 WCESO ) eoonl 1
ple To— E%ij -1 p— \o\} owal) owecterer 3 Huneg
i TYPEOF SAMALE _ PORE SDE INDIRECT FREP wsE
METHOD OF ANALYSIS usa::;g l:r_-lj AlT] waa [ aas ]
EPA Yacnetc Lewed © 210 ) s«nD Wipe 08 jom Vot tiscrs
Lo n so) =] ow[] - Working Vohume__2-€_ wi
Lewd s Cl 2100 [} DusyMicovac S ) Weight grams
AvEma POM Rage> [ ] co » 00 062 ] P =
i nnr e i, . Arca (=) 00 . o
ASPECT RATIO 320~ § 34 Fr R u.dc.o‘_-. 'i[—‘—o Prcpmret By S/ CC
vy om . __ractona HOE 00 (AT MR . o Y2
Dimensions (mm)) Fiber Classification
Gid opening| Str_#]Strf] Widih | Length |[nam] Tmcm]co]ao]auo]ano]|ur[aa] AxJaox] o] ana]Azof azz Comments
—Q LJr 2 16 1 L Tl TN
g a1 {F L4 T | _ R _ < Nteo~gpyrF
o2 Y FN)s Jo b remcy ) <
o4 {EN)s | Y ol 2 i trprs f10
ns ff A AR X < Trene Lide
ab |t 1 K] v i)
IR T2 S Iiq e i
h——_ﬂ (:. Ll ,‘Q“O 2 h
t9q 10 {1%b v 5
w iy 3p | ol »
—_— N < 50 el b
Q) Vv |32 < !
'3 {F [ TS < X
R )1 3 Qq v "
WS L 4 -1bs ~ v
b C A 4O o “y
. \N) t ) Lza L~ )
(;I) ‘Y 13 Z i}p - 1)
i A el 3 §0s ol ]
Wl 3 0 A u u
A1 4 L3y < Tl
Ol Il | N Y — o
s3IV s 1ap I W
,OBSERVA_T'ONSZ Claaa |} y .
SR AR Debeis: ) Vary Ligte (1 Ligs L) Modcrase | Havy ] VayHeavy [
GWF]I Very Ligha (] Liga UJ Modcrae ] Havy (]  vVayBiaw (]




Z-Apr—-12992 14:91:53

Execution time = 7 seconds
24142, 5Wa4—-4, LA, 01, GA
Vert= 200 counts Disp= 1
Energy Counts X—-Ray Lines
1.25 176. Mg K , Mg K
1.74 756, Si K ., 51 K
3. 70 18¢&. Ca K , Ca K
£.41 18¢. Fe K , Fe K
Quantex?
Q. 240 Ranpe= 10.230 keV

Freset=
Elapsed=

Mg K

Integral

(W}

Qff

45 secs

LO, 230
6609



S-Apr—19392 14:54:33

Execution time = & seconds
24143, 5W4-4, 1A, 02,6R Freset= Off
Verts= 200 counts Disp= 1 Elapsed= 59 secs
Erergy Counts X—Ray Lines
1.26 243, Mg K , Mg K , Mg K
1.73 930, i K , 5i K
S.69 19z, Ca K , Ca K
B.33 218, Fe K , Fe K

Quantex)
Qe Z40 Ray‘,ge= 10,230 keV 10, 230
Integral O = TS



C-Apr=1992 14:38:09

Executiaorn time = €& seconds

24143, 8W4—-4, 1R, 03, GA Freset= OQff

Vert= 200 counts Disp= 1 Elapsed= &6 secs
Erergy Counts X—Ray Lines
1.25 273, Mg K , Mg K , Mg K

1.732 1116€. 31 K , 81 K
3. 69 o3, Ca K , CaHK
E. 39 =47. Fe K , Fe K
Guantex)
D0 240 Rarnge= 10,230 keV 10. 230
Integral O = azz7




S-Apr—1392 14:39:34

Executiocn time = S seconds

24143, SWa—4, 1R, 04, GA

Vert= 00 counts
Energy Counts
1.25 317. Mg K
1.73 1257. Si K
3.70 288, Ca K
G. 40 =82, Fe K
Quantex)
0. 240 Range=

Digp=
A-Ray Lines

1

Ca

Fe

10,230

K

K

Freset=
Elapsed=

Integral ©

2

74

fu

O]

-
]

secs



E—-Apr—-1992 14:52:02

Execution time = 7 seconds
24142, SW4-4, 1A, 01, 6AR Freset= Qff
Vert= 200 counts Disp= 1 Elapsed= 45 secs
Eriergy Courts X—-Ray Lines
1.25 176. Mg K , Mg K , Mg K
1.74 736. Si K , 51 K
S. 70 186. Ca K 4 Ca K
&.41 18&. Fe K , Fe K

Guantex)
Q. &40 Rarige= 10. 230 keV 10,230
Integral 0 = 6609



S-Apr—133%2 14:55:14%

Execution time = & seconds
24142, 8SW4-4, 1A, 02, GA Preset= O0Off -
Vert= 200 counts Disp= 1 Elapsed= 53 secs
Energy Counts X—Ray Lires
1. 26 43, Mg K , Mg K , Mg K
1.73 330. Si K , 5i K
3. 69 19&. Ca K , Ca K
6.39 218. Fe K , Fe K
GQuantex)
Q. 240 Rarige= 10,230 keV 10,230
Integral 0 = 7325



S—Apr—1392 14:58:12

Executiaon time = €& seconds

=4142,8W4—-4, 10, 03, GA Freset= (gOff

Vert= 200 counts Disp=s 1 Elapsed= &6t secs
Erergy Counts X—-Ray Lines
1.25 273, Mg K 4, Mg K , Mg K

1.73 111€. Si K , Si K
2. 69 cas. Ca K , Ca kK
6.39 c47. Fe K , Fe K

Quantex?
0. 240 Rarige= 10,230 keV 10,230
Integral © = 8327



Z-Apr—19392 14:39:31

Execution time = S5 seconds
24142, SWa—-4, 1A, 04, GA Preset= Off
Vert= 200 counts Disp= 1 Elapsed= 74 secs
Erergy Counts X-Ray Linrnes
1. 25 317. Mg K , Mg K , Mg K
1.73 1257, 51 K, 851 K
3. 70 =58. Ca K , CaHK
28s. Fe K , Fe K

6. 40

Guantex?
Q. 240 Range= 10, 230 keV 10. 230
Integral 0 = 3439
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13-Apr—-1958 09:3&8:43

Execution time = & seconds
24142, SWa—-4, B, #01, RS Freset= Off
Vert= S00 counts Disp= 1 Elapsed= 31 secs
Ernergy Ccunts X-Ray Lines
1.235 1004, Mg K , Mg K , Mg K
1.74 S366. 8i K , Si K
3.69 838. Cak , CaHK
4,05 107. Sce K , Sce K , CakK , Cak
&. 39 371. Fe ¥ , Fe K

Quantex?
Q0. 000 Range= 10,230 keV 10.070

Integral 8 = HE4

13-Apr—-1992 09:35:56

Executiorn time & seconds

24142, SWa~4, B, #OZ, RS ' Freset= Off
Vert= 200 counts Digp= 1 Elapsed= 33 secs
Ernergy Counts X—Ray Lires
1.25 244, Mg K , Mg K , Mg K
1.74 357. Si K , 8i K
3. 67 112, Ca K . Ca K
6. 40 153, Fe K , Fe K
Guantex)
0. 000 Rarnge= 10,230 keV 10,070

Integral 8 = 143



ENERGY COUNTS

400G

&. 40

7.07

8.%8

13-Apr—1932 09:37:36

X-RAY LINES

1477. Mg KA1, Mg HKRZ, Mg KE1
S400. Si HALl, Si KAz
45, Cl KA1, Cl KARE
126. K KA, K KA
1430, Ca HKAl, Ca KAE
127. Sc KAZ, Ca KE1, Ca KE3
428. Fe KA1, Fe HKAZ
&7. Fe HEl, Fe KE3
48. Zn KRE
13-Apr—-1932 09:33:20
Executiorn time = & seconds

24142, SW4—4, B, #C)Eﬁ, RS
Vert= S00 counts
Energy Counts

Digp= 1
X=Ray Lines

1.26 1277. Mg K, Mp K
1.74 4506. .Si K , 8i K
3«31 680. K K , K K
3.70 1&20. Ca K , CakK
4, O 1z6. Ca kK , CaHK
6. 40 238. Fe K , Fe K
7.07 a4, Fe K , Fe K
Gurantex)
Q. CGOQ Range= 10.230

24142, SWh~4, B, #02, RS

Freset= 0Off

Elapseds=

12 secs

10,070

Integral 8 =



13-Apr—1932 09:40:14

Execution time = 7 seconds
24142, SWa4—4, B, #0858, RS FPreset= Off
Vert= 500 counts Disp= 1 Elapsed= 12 secs
Erergy Counts X-Ray Lires
1.25 1604, Mg K , Mg K , Mg K
1.74 5700, Si K , Si K
3. 33 a0. K K , K K
3.63 1547. Ca K , CakK
4.04 181. Sc K , Ca K , Ca K
4,45 43, Sc K, S K
Ea. 40 43¢2. Fe K , Fe K

Quantex)
Q. QOO0 Ravnige= 10,230 kReV 10,070
Integral 8 = 844



13-Apr—1992 09:58:11

Execution time = 7 seconds
2142, SW4~-4. B, #10, RS Freset= 0Off
Vert= 900 counts Disp= 1 Elapsed= 45 secs
Erergy Counts X—-Ray Lires
1.26 1510, Mg K , Mg K , Mg K
1.74 S01z. 51 K , Si K
3.70 1323, Ca K , CaHl
4.03 137. CaK , CaHK
&. 39 283. Fe K , Fe K
Quantex)
0. OO0 Range= 10,230 keV 10,070
Integral 8 = 720
13-Apr—-1992 03:52:32
Executicn time = & seconds
2142, SW4—4. B, #20, RS Freset= Off
Verts= S00 counts Disp= 1 Elapsed= 31 seecs
Eviergy Counts X-Ray Lines
1. 25 1236. Mg K , Mg K , Mg K
1.74 3991, Si K , Si K
3. 30 a86. K K . K K
3.70 997. Ca K , CaHK
4.03 108. Ca K , CakH
6.41 344. Fe K , Fe K
Quantex?
Q. 000 Rarnge= 10.230 keV 10.070
) Integral 8 = S397
13-Apr-199& 10:05:38
Execution time = 1 secaonds
91T019-3,8B,F&-3, #2,EG Freset= Off
Vert= S00 counts Disgp= 1 Elapsed= 34 secs

Guantex) ID/AU/FR



13-RApr—1932 10:11:03

Execution time = & seconds
24142, SW4—-4, R, #25, RS Freset= Off
Vert= S00 counts Disp= 1 Elapsed= 33 secs
Energy Counts X—-Ray Lines
1.28 1247, Mg K , Mg K , Mg K
1.74 Se4l. Si K , Si K
3.68 1087. Ca K , Ca K
E. 40 71z, Fe K , Fe K
Quantex’
0. 000 Range= 10,230 keV 10,070
Integral 8 = 701
1Z2-Apr—1992 10:12:11
Executicorn time = & seconds
24142, SWa—4, B, #35, RS Freset= Off
Vert= 500 counts Disp= 1 Elapsed= 26 secs
Energy Counts X—Ray Lines
1.26 587. Mg K , Mg K , Mg K
1.73 2441, 51 K , 8i K
3. 30 7. K K , K K
3.69 488, Ca K , CakK
6. 40 367. Fe K , Fe K
7.06 73. Fe K , Fe K
Quantex)
Q. Q00 Rarnge= 10. 230 keV 10.070
) Integral 8 = 246
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13-Apr—1992 13:58:40

Executiocn time = & seconds

c4142-5W4-4,C, #01, 6A

Vert= 200 counts Disp= 1
Eviergy Counts X—-Ray Lines
1.25 2370. Mg K , Mg K
1.74 7478. Si K , S5i K
3.31 157. K K 4, K K
3.63 19&1. Ca K , Ca K
&. 40 488. Fe K , Fe K

Buantex)

Q. Q00 Range= 10,230 keV

Freset=

Elapsed= =8 secs

Intenral 8



1E3-Apr—13392 14:22:47

Execution time = €& seconds

24142-SW4—-4, C, #0OZ2, SA Freset= Off
Vert= 200 counts Disgp= 1 Elapsed= 14 secs
Erviergy Counts X—Ray Lirnes
1.24 €73, Mg K , Mg K
1.74 o=58. Si K , 851 K
3. 70 567. Ca K , CakK
4.05 45. Sc K 4, Sc K , CaK , CaHK
€.41 =15, Fe K , Fe K
Buantex)
0. 000 Rarige= 10,230 keV 10,070
Integral 8 = 309
13-Apr=1992 14:23:25
Execution time = & seconds
24142-SW4-4,C, #03, SA Preset= Off
Vert= 00 counts  Disps 1 Elapsed= 20 sewcs
Evrergy Counts X—Ray Lires
1.25 3915. Mg K , Mg K, Mg K
1.74 3214, Si K, 5i K
3. 23 S58. K K + K K
2.69 733. CakK , CakK
€. 33 270. Fe ¥ , Fe K
Quantex?
0. 000 Rarige= 10,230 keV 10,070
. Integral 8 = 433
13-Apr-1332 14:24:01-
Execution time - econds
24142-SW4-4 5 sgéﬁF::"”——- Freset= (OfFf
Vert= Elapsed= 21l secs

Enerqy Counts

1.25 961. KD, Mg K,
1.74 194, si(k_, si K
3. 70 773. Ca K , Ca kK
4.03 104, Ca K , CaK

Mg K




o
R
[

Z68. Fe K , Fe K

Quanrntex?

0. 000 Rarnge= 10, 230 keV 10,070
Integral 8 = 49
13-Apr-13392 14:24:14
Execution time = & seconds
a414a—sw4—4,c,#oﬁésﬁ Freset= OFFf
Vert= 200 counts  Disp= 1 Elapsed= cl secs
Emnergy Counts X—Ray Lires
1.25 961. Mg K, Mo K, Mg K
1.74 3194, Si K, 851 K
3. 70 773. Ca K , Ca K
4.03 104, Ca kK , Ca K
6. 42 o68. Fe K , Fe K

Quantex?

0. 000 Rarnge= 10. 230 keV 10,070
Integral 8 = 423
13-Apr—-1992 14:24:351
Execution time = 7 seconds
24142-SWa4-4,C, #035, SA Freset= OffF
Vert= 200 counts Disp= 1 Elapsed= 19 secs
Erviergy Counts X-Ray Lirnes
1.85 851. Mg K , Mg K , Mg K
1.74 2992, Si K , S1 K
3. 69 671. Ca K , Ca K
4,04 75. Sc K , CaK , CaHK
6.38 233. Fe K , Fe K

Quantex? -
0. Q00 Rarnge= 10,230 keV 10,070
Integral 8 = 397




3-Apr—1332 14
ytion time
S4142-9 : H1S, 8A
Verts= 200 cd
Quantex? ID/AU/TY

127:54

7 seccornds

Disp= 1

keV

10,230

Q. 000 Range=
13-Apr—1932 14:28:15
Execution time =

= & seconds
24142-SWa—4,C, #15, SA

Vert= 200 counts  Disp= 1
Energy Counts X—-Ray Lines
1.36 730, Mg K , Mg K ,
1.74 =854, Si K , Si K
3. 69 615. Ea K , Ca K
6. 40 Z08. Fe K , Fe K

Quantex?

Q. Q00 Rarige= 10,230 keV

?

Freset=
Elapsed=

Integral 8

Freset=
Elapsed=

Mg K

Integral 8

Off
41 secs

10,070

37

L)

off
41 secs

10,070
391

=




13—-Apr—-1992 14:32:28
Execution time =
Za4142-SWa—4, C, #25, SA

7 seconds

Vert= 1000 counts Disp= 1
Ernergy Counts A—Ray Lires
1.25 1531. Mg K o, Mg K
1.74 63351. 8i K , Si K
3. 30 249, K K, K K
3. 69 1101, Ca K , Ca K
4.03 108. Ca K , Ca K
€. 39 350, Fe K , Fe K
7.05 142, Fe K Fe_H

Quantex?

Q. 000 Range= 10,230 keV

13-Apr-1993 14:39:11

Executicon time = 6 seconds
24142-85W4-4,C, 41, 5R
Vert= 1000 counts Disp= 1
Energy Counts X—-Ray Lires
1.29 =83, Mg K 4, Mg K
1.74 2751, Si K , Si K
2. 31 103, K K , K K
3. 68 314, Ca K , CaHK
6. 40 S66. Fe K , Fe K
7.05 110, Fe K , Fe K
Guantex)
Q. QGO0 Rarnpe= 10. 230 keV

Preset=
Elapsed=

Irtegral 8

Freset=
Elapsed=

Mg K

Integral 8

OFff

Off

37 secs

10,070

10,070

8]

u



13-Apr—1932 14:47:22

Execution time = 7 secon

24142-SWa4—4, C, #47,8A

Vert= 1000 counts Disp=
Energy Counts X—Ray
1.26 a03. Mg K
1.74 =886. 51 K
3. 34 162, K K ,
3.6% 767. Ca K
4.03 73. Ca K ,
&. 40 272, Fe K ,

Quantex) .

Q. 000 Range= 1o.2

ds

1
Lires

Mg K
Si K
K K
Ca K
Ca K

Fe K

Q keV

o
)

Freset= 0Off

Elapsed= 16 secs

. 10,070
Integral 8 = €351



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

™ - Tubular Morphology not sufficiently characteristic
for classification as chrysotile

o) - Characteristic Chrysotile Morphology

o - Chrysotile SAED pattern

cQ - Chrysotile composition by Quantitative EDXA

cMQ - Chrysotile Morphology and composition by

Quantitative EDXA

coQ - Chrysotile SAED pattern and composition by
Quantitative EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED ‘shows layer
pattern of 0.53 nm spacing)

A - Amphibole by qualitative SDXA. Spectrum has elemental
components consistent with amphibole

ADX - Amphibole by rancom orientaticn JACD and Qualitative
EDXA

AQ - Amphibole by Quantitative EDXA

AZ - Amphibole by one Zone Axis SAED

ADQ - égphibo1e by random orientation SAED and Quantitative

XA

AZQ - Amphibole by one Zone Axis SAED pattern and Quantitative
EDXA

Al - Amphibole by two Zone Axis SAED patterns with consistent

inter-axial angle

AZZQ Amphibole by two Zone Axis SAED patterns, consistent

inter-axial ancle and Quantitative EDXA

NAM - Non-Asbestos Mineral



Analysis of Water by Transmisslon Eiectron Microscopy
(EPA-600/4-83-043)

EMS No. 24142 Client SCHAFER & ASSCC.

Sample No. SW 5-4

Date Analyzed 4/13/92

Fibers (chrysotile) BDL* MFL
Fibers > 5 um in length (chrysotile) BDL" MFL
Fibers > 10 um in length (chrysotile) BDL* MFL
Mass (chrysotile) . 0 ug/L
More/Less than 5 Fibers |

in Sample (chrysotile) LESS

Poisson 95% Confidence Interval 0 to 5.8 MFL
Detection Limit 1.6 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter
Particle Size Distribution ( Chrysotlle )

Particle Length - Microns
O -0.49 0.50 - 0.99 1.00 - 1,49 150 - 1,99 2.00 - 2.49 2.5 - 4,99 5.00 - 999 10 & UP

0 0 ' 0 0 0 Y 0 0

Particle Width - Microns

O - .04 .05 - .09 4 - .14 456 - .19 2 - .24 .25 - .49 .50 - .99 1&UP

0 0 0 0 0 0 0 0

Aspect Ratio L/YW
0-99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 - 99 100 - 199 200 & UP

0 0 0 0 0 0 0 0

G200 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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TABLE
™ -
(0] -
co -
cqQ -
M -
Q-
NAM -

TABLE
UF .
AD .
A, -
ADX -
AQ -
AZ -
ADQ -
AQ -
AL -
AzZQ -

CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology
Chrysotile SAED pattern
Chrysatile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SASD pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR HORPHOLOGY

Unidentified Fiber

Amphibole by random orientation SAED ‘shows layer
pattern of 0.53 nm spacing)

Amphibole by qualitative SDXA. Spectrum has elemental
components consistent with amphibole

Amphibole by random orientaticn SAZD and Qualitative
EDXA

Amphibole by Quantitative EDXA
Amphibole by one Zone Axis SAED
égphibole by random orientation SAED and Quantitative
XA
Amphibole by one Zone Axis SAED pattern and Quantitative
EDXA

Amphibole by two Zone Axis SAED patterns with consxstent
inter-axial angle

Amphibo1e by two Zone Axis SAED natterns, consistént
inter-axial ancle and Quantitative EDXA

Non-Asbestos Mineral !/




Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 24142 Client SCHAFER & ASSOC.

Sample No. SW 6-4

Date 4/8/92

Total Asbestos Fibers 770 MFL
Chrysotile Fibers | *BDL MFL
Amphibole Fibers 770 : MFL
> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 270 MFL
Mass (Chrysotile) ' ‘BDL ng/L
Mass (amphibole) 1800 ug/L
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole

Fibers in Sample MORE

Poisson 95% Confidence Interval ' 620 to 940 MFL l
Detection Limit 8.2 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP
0 2 8 7 12 65
Particle Width - Microns
O -.04 .05 - .09 ' 1 - .14 .15 - .19 2 - .24 .25 & UP
0 1 15 : 13 10 55

Aspect Ratio L/W
0 -99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
18 36 21 8 5 6

G@Q@ EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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7-Apr—199& 09:27:268
Executiorn time =
4142, 6-4,A, #O01, RS
Vert= 200 counts
Energy Counts

1. 24 Z68. Mg
1.47 asa. Al
1.74 332, Si
3.3 200, K
6. 40 244, Fe

Guantex?’
0. 240 Range=

7-Apr—1992 03:29:01
Execution time =
E4148,6—4,Q,#OE,RS
Vert= 500 cocunts

Eviergy Counts

0. 28 65. In
1. 26 3813. Mg
1.74 4081. Si
3.33 z4c. K
.68 399. Ca
&. 40 915. Fe
7. 04 78. Fe

Quantex?
0. 240 Rarnge=

Disp=
X—Ray Lines

K

K

K

M

Disp=
X—-Ray Lirnes

L

K

K

K

K

M

K

1

10.

]

7 seconds

1

Mg
Al
Si
K

Fe

=
| sgee

& seconds

1

YA
Mg
Si

18

K

K

K

K

H

keV

L

K

K

H

Preset=
Elapsed=

Integral 8

Freset=
Elapsed=

Mg K

Integral 8

off
20 secs
10. 230
= 168
off
23 secs
10. 230
= e



7-Apr—-19392 09:32:48
Execution time =
24142,6-4, A, #O3, RS

€ secon

Vert= 00 counts Disp=
Emergy Counts X—-Ray
1.25 615, Mg K ,
1.73 2Eed. S1 K
3. 63 o693, Ca K ,
6. 41 189. Fe K .

Guantex)

Q. 240 Rarnge= 104,
T-Apr~1992 09:34:05

Executicon time = 7 secan

24142, 6-4, A, #04, RS

Vert= 500 counts Disp=
Erergy Counts X—Ray
1. 00 118. Na K

in L
1.35 &36. Mg K,
1.73 3932, Si K,
3. 30 107, K K
3.69 150, Ca K ,
6.41 asz. Fe K
7.06 117. Fe K ,

Quarntex)

Q. 240 Range= 10,

ds
Freset= 0OffT
1 Elapsed=

Lines

47 secs

Mg K , Mg K
Si K
Ca K

Fe K

10,230

=9

(0]

Integral 8 =
ds
Freget= 0Off
1 Elapsed= &4
Lirnes

Na K + ZIn L + ZIn L , Zn L ,

Mg K

Mg K
Si K
K K
Ca K
Fe K
Fe K

keV

&30

[}
w
ns
m

Integral 8




7-Apr—1332 03:36:46
Executicn time
24142,6-4,A, #05, RS

Vert= 500 counts
Erergy Counts
1.25 S951. Mg
1.74 1345. Si
3.69 S3E. Ca
6. 39 184. Fe

Quaritex)

Q. 240 Rarnge=

7-Apr—199& 09:57 142

Executicon time = &
24142, 6—4,A, #10, RS
Vert= S00 counts
Erergy Counts
1.26 439, Mg
1.74 1878. Si
3. 63 427, Ca
G. 41 158. Fe
Quantex?
Q. 240 Rarge=

Disp= 1

€ seconds

Freset= 0Off

Elapsed= 38 secs

X-Ray Lines

K 4 Mg K , Mo K
K 4, 8i K
K , Ca K
K , Fe K
10.230 keV 10.230
Integral 8 = =3
seconds
Freset= Off
Disp= 1 Elapsed= 24 secs
X-Ray Lines
K + Mg K , Mg K
Ko, 81 K
K , Ca K
K , Fe K
10.230 keV 10,230
Integral 8 = 288



7-Apr—1332 03:58:37

Execution time = & seconds

24142, 64, A, #20, RS Freset= Qff

Vert= 200 counts Disp= 1 Elapsed= & secs
Evergy Counts X—Ray Lires
1.25 z86. Mg K , Mg K , Mg K

1.75 103z, Si K , Si K
3.63 cee. Ca K , CaHK
6. 40 as. Fe K , Fe K
Guantex’
Q. 240 Range= 10,230 keV _ 10,230
Integral 8 = 154
7-Apr=13322 10:00:03
Execution time = & seconds
24142,6-4,R, #30, RS Freset= Off
Vert= 200 counts Digp= 1 Elapsed= =25 secs
Energy Counts X—-Ray l-ines
1.285 =275, fig K , Mg K , Mg K

1.74 1067. Si K , 8i K
3. 68 275, Ea K , Ca K
6.41 36. Fe K , Fe K

Quantex)
Q. 240 Rarnge= 10. 230 keV 10,230
Integral 8

]
fu—
o
i
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a
& seconds

fu

7-Rpr—-1992 10:26:
Executionn time =

c4242, SWE-4, 1B, 0L, FM Freset= 0Off
Vert= SO0 counts Disp= 1 Elapsed= 47 secs
Eviergy Counts X—Ray Lines
0.58 436. CL , CrL , CrL 4, Cr L
1.25 &63. Mg K , Mg K , Mg K
1.74 2771, Si K , Bi K
2.28 2&8. S K , 85 K
3. 63 573. Ca K , Ca #
6. 40 411, Fe K , Fe K

Guantex)

Q. 240 Rarige= 10,230 keV 10, 230
Integral 8 = 448
7-Apr—1992 10:28:52
Execution time = €& seconds _
24242, SWE—4, 1B, OL, FM Freset= OFff
Vert= S00 counts Disp= 1 Elapsed= 34 secs
Erergy Counts X-Ray Lines
1. 26 1964, Mg K , Mg K , Mo K
1.74 7102, Si K , Si K
3. 31 188. K K , K K
3. 69 13182, CakK , CaK
6. 32 705. Fe K , Fe K
Guantex)
. 240 Rarige= 10, 23¢ keV 10.230

Integral 8 = 9673



8-Apr—-1992 11:32:55

Execution time & seconds

24242, SWE—4, LB, 04, FM Freset= OFff
Vert= 500 counts Disp= 1 Elapsed= 45 secs
Ermergy Counts X—Ray Lines
1,25 SE8. Mg K , Mg K , Mg K
1.74 24358. Si K , Si K
2. 68 397. Ca K , Ca K
&.39 - 333. Fe K , Fe K

Quantex?
0. 240 Range= 10, 230 keV 10,230
Integral 8 =

€]
M



7-Apr—1998 11:19:351

Execution time = & seconds
24242, SWE—-4, LR, 05, FM Preset= 0OffFf
Vert= S00 counts  Disp= 1 Elapsed= 40 secs
Evergy Counts X—-Ray Lines
1.29 1239. Mg K , Mg K , Mg K
1.74 4457, Si K , 8i K
3. 69 1027, Ca K , CaHK

M
()
W
»
I

Fe K , Fe K

Quantex?
0. 240 Rarnge= 10,230 keV 10.2
Integral 8 = S3IO

L)

!



T-Apr—1992 10:41:35

Execution time = 7 seconds
24242, SWE-4, 1B, 06, FM Freset=
Verts= 500 counts Disp= | Elapsed=
Ernergy Counts X—Ray Lines
1.2 1369, Mg K , Mg K , Mg K
1.74 7288. 51 K , Si K
3. 29 33. K K . K K
3.69 1472, Cak , CaHK
4.03 141, Ca K , Ca K
.40 78:2. Fe K , Fe K
7.06 125. Fe K . Fe K
Guantex?
0. 240 Ranpe= 10,230 keV

Integral 8

Off
=6 secs

10,230

= 1013




7-Apr—1392 10:543:195

Execution time = 8 seconds
4242, SWEe—-4, 1R, 16, FiM Freset= Qff
Vert= 200 counts Disp= 1 Elapsed= o4 secs
Energy Counts X-Ray Lires
1.25 950. Mg K , Mg K , Mg K
1.74 3333, Si K , 51 K
3. 65 T3E. Ca K , CaHK
6. 40 381. Fe K , Fe K

Quantex)
Q. 240 Rarige= 10,830 keV 10,230
Integral 8 = s76

7-Apr-1992 10:37:49

Execution time = & seconds
24242, SWE—4, 1B, 19, FM Freset= O0OFFf
Vert= 200 counts Disp= 1 Elapsed= 45 =ecs
Ernergy Counts X—Ray Lines
1.26 678. Mg K , Mg K , Mg K
1.74 3441, Si K , 51 K
2. 63 238. Ca K , Ca K
6. 40 423, Fe K , Fe K
Quartex) !
0. 240 . Rarnge= 10.230 keV 10,230

Integral 8

]
>
]
[



7-Apr—1992 11:03:36

Executicon time =

€& seconds

24242, SWE-4, 1B, 25, FM
Vert= S00 counts

Energy Counts

1.5 1180. Mg

1.74 4133. Si

3. 693 97:2. Ca

4.01 91. Ca

€.328 372. Fe
Quantex?

Q. 240 Rarige=

Disp= 1

K

K

K

K

K

» Mg
s Si
« Ca
. Ca
s, Fe

10,230

X-Ray Lirnes

Kooy

K

K

K

K
keV

Freset=
Elapsed=

Mg K

Integral 8

10,230

545
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7-Apr=1932 10:47:22

Execution time = €& seconds
24242, SWe~4, 1C, 03, SA Freset= Off
Verts= 900 counts Disp= 1 Elapsed= 46 secs
Eviergy Counts X—-Ray Lires
0, 58 1401, 0O K ,0 K , VvV L , Vv L , Vv L ,
vV L
1.25 829. Mg K , Mg K , Mg K
1.74 291e, 8i K , Si K
3.69 488, Ca K , CaK
6. 40 249, Fe K , Fe K
Quantex)
Q. 240 Rarige= 10,230 keV 10,230
Integral 8 = 4z 4
7-Apr—1992 10:48:29
Execution time = 8 seccomnds
24242, SWe—-4, 1C, 04, SA Freset= Off
Vert= . 900 counts Disp= 1 Elapsed= 25 secs
Energy Counts X~Ray Lines
0. 51 1553. O K , 0 K ,V L , VvV L , Vv L |,
vV L
1. 00 80, Na K 4, NaK , ZInL , In L , In L ,
in L
1.25 870. Mg K 4, Mg K , Mg K
1.73 3077. 8i K , Si K
3. 31 143, K K . K K
3.63 S16. CaK , CaHK
Quantex) £78. Fe K , Fe K _
Q. 240 Rarige= 10,220 keV 10,230

; Integral 8 = 707




7-Apr—13992 10:49:48

Executicon time = €& seconds

24242, 8W6e-4, 1C, 05, SA Freset=
Vert= S00 counts Disp= 1 Elapsed=

Eviergy Counts X-Ray Lires

0. 51 831. O K ,0 K , v L , vV L ,

vV L

1.23 S31. Mg K , Mg K , Mg K

1.74 1537. Si K , S8i K

3. 69 427. Ca K , CaHK

6.39 249, Fe K , Fe K
Quantex?

Q. 240 Rarnige= 10. 230 keV

Integral 8

Off

24 secs



ENERGY

COUNTS

L
b
o~ . ve
: )
oo%

07-Apr-1993 10:51:08
X=RAY LINES

0 KA1, 0O KAz, V LA1,

Mg KA1, Mg KAE, Mg KE1

Si KA1, Si KA

K KA1, K HKAE

Ca KA1, Ca KAE

Ca KB1, Ca KBZ

Mn KA1, Mn KAZ

Fe KAl, Fe KAz

Vv

LA

J
ol }

vV LE1,

vV LG1



7-Apr—1992 10:45:22

Execution time = S5 seconds
24242, SW6—4, 1C, 01, SA _ Preset= O0Off
Vert= 500 counts Disp= 1 Elapsed= 9 secs
Energy Counts X—Ray Lires
0.51 857. O K ,0 K , VvV L , VvV L ,V L ,
vV L
1.25 606, Mg K , Mg K , Mg K
1.73 1878. Si K , 8i K
3. 68 321, Ca K , CaK
6.37 20z, Fe K , Fe K
Quartex)
0. 240 Rarige= 10, 230 keV 10,230
Integral 8 = 323
7-Apr—-1992 10:46:08
Execution time = & secands
24242, SW6-4, 1C, 02, SA Freset= Off
Vert= S00 counts Disp= 1 . Elapsed= 32 secs
Eviergy Counts X-Ray Lines
0. 51 984. O K , 0 K ,V L ,V L ,V L ,
vV L
1.24 S49. Mg K , Mg K
1.73 1999, Si K , 8i K
3. 69 304, CakK , CaHK
6. 39 162. Fe K , Fe K
Quantex) . .
0. 240 Rarige= 10.230 keV 10,230

Integral 8 =

()
G
F-



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

™ - Tubular Morphology not sufficiently characteristic
for classification as chrysotile

CH - Characteristic Chrysotile Morphology

co . Chrysotile SAED pattern

cQ - Chrysotile composition by Quantitative EDXA

cMQ - Chrysotile Morphology and compesition by

Quantitative EDXA

coQ - Chrysotile SASD pattern and composition by
Quantitative EDXA

NAM - Non~-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAZD ‘shows layer
pattern of 0.53 nm spacing)

AX. - Amphibole by qualitative SDXA. Spectrum has elemental
components consistent with amphibole

ADX - Amphibole by random orientaticn SAED and Qualitative
EDXA

AQ - Amphibole by Quantitative EDXA

AZ - Amphibole by one Zone Axis SAED

ADQ - égp:ibo1e by random orientation SAED and Quantitative
X

AZQ - égp:ibole by one Zone Axis SAED pattern and Quantitative
X

Al - Amphibole by two Zone Axis SAED patterns with con51stent
inter-axial angle _

AZZQ Amphibole by two Zone Axis SAED osatterns, consistent

inter-axial ancle anc Quantitative EDXA

NAM - Non-Asbestos Mineral ?



Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 24142 Client SCHAFER & ASSOC.

Sample No. SwW 7-4

Date 4/9/92

Total Asbestos Fibers 100 MFL
Chrysotile Fibers *BDL MFL
Amphibole Fibers 100 ' MFL
> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 34 MFL
Mass (Chrysotile) ‘BDL pg/L
Mass (amphibole) 180 pg/L
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole

Fibers in Sample MORE

Poisson 95% Confidence Interval 83 to 120 MFL
Detection Limit 1 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP
0 4 10 5 9 73
Particle Width - Microns
O -.04 .05 - .09 1 - .14 .15 - .19 2 - .24 .25 & UP
0 2 14 ' 22 15 48

Aspect Ratio L/W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
26 34 26 4 5 6

/X3 EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-406:
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0B-Apm—1932 11:44:45 24242, 5W7-4, 1A, 01, 5A

ENEIRGY COUNTS X—-RAY L_INES
0.51 S136. 0 KA1, O KR2, V LAL, V LAZ, V LB1, V LG1
1,08 3z0. Na KA1, Na KAZ, Na KBl, Zn LAL, In LAZ, In LEl,
In LG1
1.83 3633. Mg KA1, Mg KAE, Mg KEL

1.74 10628, Si KA1, 5i HKAZ

3.31 S47. K HKAl, K HKA=
2. 69 1211, Ca KAl, Ca KAz
4,04 141. Sc KAE, Ca KEl1, Ca KE3
4.49 143, Ti KAL, Ti KAZ, Sc KBi, Sc KE3
5.83 6. M KRL1, iMn KA
€. 329 1343, Fe KR1, Fe HKAZ
7.08 176&. Fe KEl1l, Fe KBS
8—-Apr—13%9& 11:46:13
Execution time = 8 seconds
24242, SW7-4, 1A, O, SA . Preset= Qff
Vert= 500 counts Disgp= 1 Elapsed= 30 secs
Ernergy Counts X—Ray Lines
0.51 1185, 0 K s, O K s VL s VL . vV L .
vV L
1.25 738. Mg K , Mg K , Mg K
1.73 2320, Si K , 8i K
3.69 S14. CakK , CakK
€. 40 27E. Fe K , Fe K

Quantex) .
Q. 240 Rarnge= 10,230 keV 10, 230
Integral 8 = E£50



8-Apr—-1992 11:47:37

Execution time = [
24242, SW7-4, 1A, 03, SA
Vert= 200 counts
Energy Counts
0.51 &£59. 0
v
1.26 395. Mg
1.74 1512, Si
S.58 305, Ca
&.39 165. Fe
Quantex?
G. 240 Rarnge=

8-Apr—1992 11:439:03
Execution time
24242, SW7—4, 1A, 04, SA

Vert= 9S00 counts
Erergy Counts
0.51 1496. W]

Vv
1. 25 1114, Mg
1.73 3303, Si
2. 32 97. K
3. 68 S937. Ca
4,02 78. Ca
6. 39 cS4. Fe

Quantex)

Q. 240 Rarnge=

secon

Disp=
A—-Ray

K
L

K
K

K

10.

Disp=
X—-Ray

K
L

K

ds
FPreset= 0Off

1 Elapsed= 28 secs

Lires

o

K

a3

o

[}

) keV =30

10.2

€]

i
4]

Irnteqral 8

& secovids

Freset= Off

1 Elapsed=

Lirnes

=7 secs

0O K

Mg
Si
K

Ca
Ca K

10,230

€69

Integral 8



8-Apr—1992 11:30G:16

Execution time = & seconds
24342, SW7-4, 1R, 05, SA Freset= Off
Vert= SO0 counts Disp= 1 Elapsed= 21 secs
Ernergy Counts X-Ray Lines
0.3z 1063, 0O K , 0 K Vv L .,V L .V L .,
vV L
1.01 173, Na K o, Na K , Zvn L 4 ZIn L , ZIn L .
In L
1.25 7813. Mg K , Mg K , Mg K
1.74 . 2391, S1 K ., 51 K
3. &8 274, Ca K , Ca K
.38 367. Fe X 4, Fe K
Quantex? S9. In K , In K
0. 240 Rarige= 10,230 keV 10,230

Integral 8 = 446



8-Apr—1992 15:04:07

Execution time = & seconds
2424, SW7-4, 1A, 15, S5A Freset= QOff
Vert= 200 counts Disp= 1 Elapsed= 29 secs
Erergy Counts X—Ray Lines
0.51 1103, 0 K ,0 K , %YV L +V L + WV L .,
v oL
1.25 676G, Mg K , Mg K , Mg K
1.73 2434, Si K , 5i K
3. 31 120, K K, K K
.69 3e8. Ca K , Ca K
€. 39 236, Fe K , Fe K

Quantex?
0. 440 Range= 10,230 keV 10,230
Integral 8 409
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8-Apr—1992 11:57:16

Execution

time =

& seconds

4242, SWT—4, 1B, 01, FM

Vert= 500 counts
Erergy Counts
1.85 1058. Mg
1.74 =787. Si
3. 63 &S0, Ca
6. 40 €67. Fe
7.04 125, Fe

Guantex? _

0. 240 Rarnpe=

8-Apr-19392 11:59:01
10 seconds
24242, SW7-4, 1R, 02, FM

Executiaon

time =

Vert= 200 counts
Energy Counts
1.25 578. Mg
1.74 2007. Si
3. 63 476. Ca
E.41 134, Fe

Quartex)

Q. 240 Range=

Disp=
X-Ray

K

Digp=
X—Ray

K
H

H

10. &

1

Lines

Mg K

i

Lines

Freset=
Elapsed=

Mg K

Integral 8

Freset=
Elapsed=

Integral 8

Off

Off

28 secs

G
e}

10, ¢ )

43 secs

10.230
300



B8-Apr—1992 12:00:&9

Executicon time = & seconds
24242, SW7—4, 1B, 03, FM Freset= Off
Vert= 500 counts Disp= 1 Elapsed= 26 secs
Eriergy Counts X-Ray Lires
1.28 1z88. Mg K , Mg K , Mg K
1.74 =8:a5. Si K , 5i K
3.33 136. K K , K K

3.69 1224, Ca ¥k , CaHK
4. 04 35, Sce K , CaK , CakK
€. 40 €08, Fe K , Fe K

Quantex?
Q. 240 Rarnge= 10,230 keV 10,230
Integral 8 = azo0

B-Apr-1992 12:02:09

Execution time = & seconds :
24243, BW7—4, 1B, 04, FM Preset= Qff _
Vert= 200 counts  Disp= 1 Elapsed= 41 gecs
Erergy Counts X—-Ray Lines
1.24 &£34. Mg K. , Mg K
1.74 1388. Si K , 5i K
3.69 458, Ca K , CakK
&.38 129. Fe K , Fe K
Quantex? ,
0. 240 Range= 10. 230 keV 10, 230

Integral 8 = 304



8-Apr~1992 12:05:31
Execution time

it

7 seconds

24242, SW7-4, LB, 05, FM Freset= 0Off
Vert= c00 counts Disp=s Elapsed= 40 secs
Erergy Counts X—Ray Liwres
1.25 334, Mg K 4 Mg K , hig K
1.74 3608, Si K , 51 K
3. 32 1&85. K K + K K
3.6% 645, Ca K , Ca K
€. 40 =03, Fe K , Fe K

Quanrntex’

Q. 240 Rarnge= 10, 230 keV 100230
Integral 8 = 523
8-Apr—-13992 12:13:13 .
Execution time = €& seconds
E4245, SW7—4, 1B, 15, FM FPreset= OfFf
Vert= 200 counts Disp= 1 Elapsed= €2 secs
Energy Counts X-Ray Lines
1. 26 1261, Mg K , Mg K , Mg K
1.74 2030, Si K , 81 K
3.3 207. K K o, K K
.70 S03. CaK , CaHK
6. 39 a7’6. Fe K , Fe K
Quantex) '
Q. 440 Rarige= 10,230 keV 10,230

Integral 8 = €83



8-Apr—-193& 12:21:27
Executian time
24242, SW7—-4, 1B, 25, FM

2

Vert= S00 counts
Ernergy Counts
1.25 1398. Mo
1.74 S169. 51
S. 69 1108. Ca
&. 39 733, Fe
7.06 116. Fe

Guantex)

0. 440 Rarnpe=
8-Apr—1392 12:35:10
Execution time = 5

24248, SWT -4, 1R, 35, FM

Vert= 200 counts
Erergy Counts
1.25 336. Mg
1.73 1253, Si
3. 66 2085, Ca
6. 41 164. Fe

Quantex)

Q. 440 Ranpge=

secornds

Disp= 1
X—-Ray Lires

Freset=
Elapsed=

K o, Mo K , Mg K
K , 51 K
K 4 Ca K
K , Fe K
K , Fe K

10. 230 keV

Integral 8
seconds
Preset=

Disp= 1 Elapsed=
X-Ray Lines
K , Mg K , Mg K
K , Si K
K , Ca K
K , Fe K

10,230 keV

Integral 8

Off
40 secs

10,230

71E

Off
57 secs



8-Apr—139& 12:46:59

Executicn time = & seconds
24242, SW7-4, 18, 45,FM Freset= Off
Vert= 200 counts Disp= 1 Elapsed= 39 =ecs
Erergy Counts X—-Ray Lines
1.26 49349, Mg K 4, Mg K , Mg K
1.74 =156, 51 K ., S8i K
3.68 - 248, CaH , CaHK
&. 39 350. Fe K , Fe K

Buantex?
Ou 440 Rarige= 10,230 keV 10.230
Integral 8 = =88
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A-Apr—199& 05:21:29
Execution time =
24142,8-4,C. #01, RS

>

Vert= 200 counts
Erergy Counts
1.01 62 Na

In
1. 26 605, Mg
1.75 2255, Si
2.31 181. H
3.70 140, Ca
.41 €74. Fe

Quantex?

0. 120 Ranpge=

S-Apr—192&8 09:82:20
Executionn time = &
24142, 8-4,C. #03, RS

Verts= 500 counts
Energy Counts
1.26 782. Mg
1.74 401E. Si
3. 32 19&. K
3.69 144. Ca
4.38 &5. Vv
6. 40 91, Fe
7. 06 144, Fe

Guantex?

0. 120 Range=

seconds
Freset=
Digp= 1 Elapsed=
X—Ray Lines
K 4, Na K , Zn L , ZIn L ,
L
K + Mg K , Mg K
K, 81 K
Ko . K K
K o+ Ca K
K , Fe K

10,230 keV
Irntegral 8
seconds
Freset=

Disp= 1 Elapsed=
X-Ray Lines
K 4, Mg K , Mg K
K , 8i K
K s K K
K 4 Ca K
K . VvV K
K , Fe K
K 4, Fe K

10,230 keV

Integral 8

OFF

fu
[4]]

Secs

in L,

10,230

Off
24 secs



O3-Apr—1332 09:23:29 24142,8-4,C. 803, RS

EMERGY COUNTS X—-RAY LINES
1.00 71. Na KRl, Na KRZ, Zw LA1l, Iw LAZ, ZIn LB, ZIn LG1L
1.25 1011, Mg KA1, Mg KAZ, Mg KE1L
1.74 4437, Si KR1l, Si KA
.34 137, K KA1, K KAz
2. 68 167. Ca KA1, Ca KAz
4.36 73. vV KAl, V HKAZ
€. 39 580, Fe KA1, Fe HKAZ
7.04 27. Fe KB1l, Fe HKES
F~-Rpr—1332 09:25:32
Execution time = 8 seconds
24142, B-4,C. #04, RS Freset= Off
Vert= S00 counts  Disp= 1 Elapsed= 40 secs
Erergy Counts Y—-Ray Lirnes
1.25 347. Mg K , Mg K ., Mg K
1.74 1378e. Si K , 8i K
2.70 1893. CakK , CakK

6. 39 187. Fe K , Fe K

Quantex?
Q. 120 Rarnge= 10. 230 keV 1
Integral 8 =

[e)
N
(¢3]
o

M
W
fia



I-Apr—1992 03:34:35
Execution time = & seconds
24142,8-4,C.#10, RS

Vert=

Erergy

6. 40

Quantex)
Q0. 120

200 counts

Counts
601, Mg
2154, Si
7z. K
4435, Ca
61. Cr
274, Fe

Rarnpge=

Disp=

1

X—-Ray Lires

K

K

K

4

10,

Mg
Si
K

Ca

Fe

oy
€8]

Kooy
K
K
K

K

Q0 keV

Freset=
Elapsed=

Mg K

Integral 8

Off

10.&30

6]

L

o



TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY

™ - Tubular Morphology not sufficiently characteristic
for classification as chrysotile

CH - Characteristic Chrysotile Morphology

co - Chrysotile SAED pattern

cQ - Chrysatile composition by Quantitative EDXA

cMQ - Chrysotile Morphology and composition by

Quantitative EDXA

coQ - Chrysotile SAED pattern and composition by
Quantitative EDXA

NAM - Non-Asbestos Mineral

TABLE 4. CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY

UF - Unidentified Fiber

AD - Amphibole by random orientation SAED ‘shows layer
pattern of 0.53 nm spacing)

A, - Amphibole by qualitative EDXA. Spectrum has elemental
components consistent with amphibole

ADX - Amphibole by.random orientaticn SAED and Qualitative
EDXA

AQ - Amphibole by Quantitative EDXA

AZ - Amphibole by one Zone Axis SAED

ADQ - 2mphibo1e by random orientation SAED and Quantitative
DXA

AQ - émphibo ‘e by one Zone Axis SAED pattern and Quantitative
DXA

Al - Amphibole by two Zone Axis SAED patterns with consxstent

inter-axial angle

AZZQ

Amphibo1e by two Zone Axis SAED patterns, consistent
inter-axial ancle and Quantitative E£DXA

NAM - Non-Asbestos Mineral ?



Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 24142 Client SCHAFER & ASSOC.

Sample No. SW 8-4

Date 4/9/92

Total Asbestos Fibers 81 MFL
Chrysotile Fibers *BDL MFL
Amphibole Fibers 81 MFL
> 5 Micron length (chrysotile) “‘BDL MFL
> 5 Micron length (amphibale) 30 MFL
Mass (Chrysotile) ‘BDL pg/L
Mass (amphibole) 270 pg/L
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole

Fibers in Sample MORE

Poisson 95% Confidence Interval | 66 to 99 MFL
Detection Limit 0.8 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particie Length - Microns

O -0.49 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 2.5 & UP
0 5 11 2 13 68
Particle Width - Microns
O - .04 .05 - .09 1 - .14 .15 - .19 2 - .24 .25 & UP
0 7 16 ! 11 15 50

Aspect Ratio /W
0 - 9.9 10 - 19.9 20 - 29.9 30 - 39.9 40 - 49.9 50 & UP
23 35 20 _ 10 3 8

3/ EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / 818-568-4065
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&-Apr—1992 12:09:20

Execntion time = & secaonds
24142-5W8, A, #01, RS
Vert= S00 counts Disp= 1
Eviergy Counts X-Ray Lines
1.25 648. Mg £ , Mg K ,
1.74 S205. 81 K , Si K
3. 69 375, Ca K , CaHK
6. 33 634, Fe K , Fe K
T.0Q7 71.  Fe K , Fe K
Quantex)
0. 240 Range= 10,230 keV

Freset=
Elapsed=

Mg K

Integral 8

Off

fis
n

secs



E-Apr—-193& 12:15:45

Execution time 7 seconds

24142~-SW8, A, #02, RS Freset= Off
Vert= SO0 counts Disp= 1 Elapsed= 29 secs
Energy Cocunts X=Ray Lires
1.00 134, Na K , Na K , In L , In L , ZnL ,
Irn L
1. 24 S9&, Mg K, Mg K
1.74 4712, S1 K , 51 K
3. 7C 37. Ca K , Ca K
€. 40 1&91. Fe X , Fe K
7.05 183. Fe K , Fe K
Quantex)
Q.E240 Rarige= 10,230 keV 10,230
Integral 8 = 636
&E—Apr—13992 12:17:13
Execution time = & seconds
24142-5W8, A, #0O3, RS Freset= Off
Vert= S00 counts Disp= 1 Elapsed= 27 secs
Energy Counts X—-Ray Lires
1.74 c416. Si K , Si K
Guartex)
Q. 240 Raripe= 10, 220 keV 10,230

Integral 8 = 1392



&E—-Apr—-1993 12:22:53
Execution time =
24142-SW8, B, #04, RS
Vert= S00 caunts
Erergy Counts

7 seconds

Digp= 1

X-Ray Lirnes

Freset= Off
Elapsed= 16 secs

1.25 1387. Mg K , Mg K , Mg K
1.74 4891, Si Ko, Si K
2. 27 Sz, S K .5 K
3.29 127. K K, K K
3. 69 833. Ca K , Ca K
4,035 69, Sc K 4, Se K , Ca K , Ca K
&. 41 488, Fe K , Fe K
Quantex? 85, Fe K , Fe K
Q. 240 Ravnige= 10,830 keV ' 10, 230
Integral 8 = 710
E-Apr-1992 1Z:24:05
Execution time = 7 seconds
24142-5W8, B, H#OS, RS Freset= Off
Vert= 500 counts Disp= 1 Elapsed= £39 secs
Ernergy Counts X-Ray Lirnes
1.85 1607. Mo K- , Mg K , Mg K
1.74 GOE1L. i K , 81 K
3. 29 156. KK , K K
3.68 33z. Ca K , Ca K
4,02 8z, Ca K , Ca K
€. 38 e8s Fe K , Fe K
Quantex)
0. 240 Rarnge= 10, 830 keV 10, 230
Integral 8 = 825




6—-Apr—139& 12:38:52

Execution time & seconds

24142-5SWB, A, #15, RS Freset= Off
Vert= 500 counts Disp= 1 Elapsed= 19 secs
Eriergy Counts X-Ray Lirnes
1.253 1596. Mg K , Mg K , Mg K
1.74 Se21. Si K , S8i K
3. 32 ‘30. K K, K K
S. 69 10623. Ca K , CaHK
4.04 143, Sce K , CaK , CaK
E.40 741. Fe ¥ . Fe K
7.09 70, Fe ¥ , Fe K
Quantex)
Q. 240 Range= 10, 230 keV 10,330
Integral 8 = 821

E-RApr—199& 12:41:39

Executicn time & seconds

24142~-5W8, A, #20, RS Preset= O0OfFf
Vert= 200 counts Disp= 1 Elapsed= =8 secs
Energy Counts X-Ray Lires
1.28 Z16. Mg K , Mg K , Mg K
1.74 1091. Si K , 831 K
3.71 88. Ca K , CakK
.38 =16, Fe K , Fe K
Quarntex)
Q. 240 Rariges= 10.230 keV 10.230

Integral 8 = 130



E—RApr—1992 12:49:13
time = 7 seconds
24142-5W8, R, #3530, RS

Executicon

Vert= 1000 counts
Evergy Counts
1.25 2762, Mg
1.74 3863, Si
3. 31 414, K
2.6 1338. Ca
4,03 2z1. ‘Ca
&.39 F18. Fe
7. 04 125. Fe

Quarntex?

Q. 240 Rarige=

Disp=

X—Ray

K

K

K

K

K

H

10,

1
Lirnes

Mg K
Si K
K K
Ca K
Ca K
Fe K

Fe K

Freset=
Elapsed=

Mg K

Integral 8

Of f

18 secs
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E—Apr—1392 12:06:53
Execution time

7 seconds

24142-SWB, B, #01, SA Freset= Off
Vert= S00 counts Disp= 1 Elapsed= 39

Ernergy Counts X—-Ray Lines

0.31 17&6,. O K ,0 K 4,V L , Vv L ,Vv L ,

vV L

1.85 1332, Mg K , Mg K , Mg K

1.74 404€, S5i K , S8i K

3. 68 874. CakK , CaHK

6. 38 343. Fe K , Fe K
Quantex)

0. 240 Range= 10.230 keV 10,23

Integral 8



6—-Apr—19392 12:10:46
Executicon time =
24142-5SUW8, B, #02, S5A
Vert= S00 counts

Energy Counts

0. 52 €04, 0

v
1.25 250, Mg
1.50 104, Al
1.74 1239. Si
3.8 =237, Ca
6. 40 180, Fe

Quantex? ]
0. 240 Rarnge=

Digp=
X—~Ray Lires

K
L

3

K

M

K

K

1

10, 230

& seconds

1

n]

K

K

K

K

Integral 8

Preset=
Elapsed=

40 secs



OE—APr—193& 12:11:48 24142-5W8, B, #03, SA

ENERGY COUNTS X-RAY LINES
.51 cS34. 0 HKAL, 0O KAz, V LAL, V LAz, V LE1, V LGI
1.01 199, Na KA1, Ma KAz, In LAl, In LAZ, ZIn LRBR1, Inm LGI1
1.85 1759. Mg KR1, Mg KAz, Mg KEL
1.48 116. Al KAl, Al KAz
1.74 5854, Si KR1, Si KAz
S. 30 305, K KAl, K KAS
2.69 745, Ca KR1, Ca KAz
€.39 741, Fe KR1, Fe KAZ
7.03 109, Fe KE1l, Fe KEZ
E-Apr—1932 12:13:05
Execution time = 7 seconds
Z241432-5W8, B, #04, SA , Preset= QffFf
Vert= 500 counts Disp= 1 Elapsed= 33 secs
Eviergy Counts X—-Ray Lires
0.51 1889. O K , 0 K ,V L ,Vv L .V L ,
v L
1.25 1126, Mg K , Mg K , Mg K
1.74 3874, Si K , 8i K
3. 63 778. CakK , CakK
&.39 370. Fe K , Fe K

Quantex?
Q. 240 Rarige= 10, 230: keV 10,230
Integral 8 = 653



6—-Apr—1992 12:18:37

Execution time = €& seconds
24142-5W8, B, #06,Re- Freset= Off
Vert= S00 counts Disp= 1 Elapsed= 34 secs
Ernergy Cournts X—-Ray Lires
0. 52 350. 0O K ,0 K .,V L ,V L .V L ,
vV L
1.25 370. Mg K , Mg K . Mg K
1.74 917. Si K, 8i K
3. 70 i7&. Ca K , Ca K
Quantex?
0. 240 Range= 10,230 keV 10.230
Integral 8 = 186
&—Apr—13932 12:20:354
Execution time = 7 seconds
24142-5W8, B, #08, RS Freset= (Off
Vert= SQQ counts Disp= 1 Elapsed= o4 secs
Eviergy Counts X—Ray Lines
0. 51 1420, 0O K ,0 K ,V L ,V L ,Vv L ,
vV L
1.25 653, Mg K , Mg K , Mg K
1.74 3180. Si K , Si K
3. 68 380, Ca K , Ca K
&. 33 a06. Fe K , Fe K
7.06 118. Fe K , Fe K

Quantex)>
0. 240 Rarige= 10.230 keV 10,230
Integral 8 = 548



&6-Apr—1993 12:30:14

Execution time = 7 seconds
24148-5W8, B, #16, 5A Freset= QOff
Vert= 500 counts Disp= 1 Elapsed= 50 secs
Ermergy Counts X—Ray Lines
0.5 1195. O K , 0 K oV L ,V L , WV L ,
vV L
1.25 766. Mg K , Mg K 4, Mg K
1.74 =823, Si K , 8i K
3. 50 154. K K , K K
3. 69 313. Ca K , Ca K

6. 39 386, Fe K , Fe K

Guantex?
Q. 240 Range= 10. 230 keV 10, 230
Integral 8 = 06



OE—-ApPr—199& 12:43:41 24142-5W8, B, #27, 56}

ENERGY COUNTS X-RAY LINES

0. 51 2855, 0O KR, O KA, V LAL, V LAZ, Vv LEl, V LGI1
1,25 2020. Mg KA1, Mg KAE, Mg KE1
1.48 82. Al KAl, Al KAZ

1.74 6031. Si KAl, Si KAz

3. 3e 105. K HKAi, K KAz

3.69 1465. Ca KAl, Ca KAZ

4,03 16E. Ca KEI, Ca KE3

5. 90 128, Mn Hni; Mn KA

6. 41 587. Fe KAl, Fe KAZ

7. 02 93. Fe KBl, Fe KB3
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I-Apr—-193& 11:24:16

Execution time = 7 seconds
c4142-5W8-4,C, #01, 5A Freget= 0Off
Vert= 500 counts Disp= A Elapsed= 50 secs
Energy Counts X—-Ray Lines
0.51 =598. 0O K ,0 K ,V L ,V L 4V L .,
v L
1.00 173. Na K + Na K , Zn L , Zn L  In L
' in L
1.25 i8z8. Mg ¥ , Mg K , Mg K
1.74 5439, 5i K, B1 K
3. 31 c38. M K . K K
3.63 339. Ca K , CaK
Guanrtex) 437. Fe K 4 Fe K
0. 120 Rarnge= 10,830 keV 10,230

Integral 8 = 260



ENERGY

09~Apr—-1392 11:26:41 24142-5W8-4, C, #0:2, SA

COUNTS X—-RAY LLINES
4554, 0O KAi, 0 KAz, V LAl, V LRz, V LEL, Vv LG1
3937, Mg KA1, iMg KAE&, Mg KEBE1
10841. 8i HKRL, Si KAZ
140. K HKAl, K KAZ
3071. Ca KA1, Ca KA=
285. Ca KB1, Ca KB3
132, Mn KA1, Mn HKAS
S61. Fe KA1, Fe KAS
&3. Fe KEB1, Fe KB3
F-Apr—-1932 L1:31:20
Execution time = & seconds
24142—-SW8—-4,C, #03, 5A Freset= Off
Vert= 500 counts Disp= 1 Elapsed= 33 secs
Erergy Counts X—Ray Lires

Q.51

Quantex)
Q. 120

1060. 0O K , 0 K , Vv L ,V L ,vVv L |,

SV
3=, Mg K , Mg K , Mg K
23182, S8i K , Si K
330. Ca K , Ca K

186. Fe K , Fe K

10. 230 keV

L

Rarnige=
Integral 8 =




9-Apr—199= 11:
Executicrn time
=4142-5W8-4,C, #04, SA

oy e
o RO

Verts= S00 counts
Emergy Counts
0.51 1312, o

vV
1.25 776. Mg
1.73 2980. Si
3. 32 118. K
3. 69 418, Ca
.38 SE3. Fe

Quantex?

0, 120 Range=

I-Apr-1992 11:
Execution time
24142-SW8~-4, C, #0353, SA

.
23237

8

Vert= S00 counts
Energy Counts
.51 483, o

v
1.85 Z268. Mg
1.74 228. Si
3. 66 103, Ca
6. 41 122, Fe

Quantex)

0. 120 Range=

& seconds

Freset= 0Off
Disp= 1 Elapsed= 4% secs
X-Ray Lines
LK ,0 K , VvV L .V L .,V L .,
L
K 4 Mg K , Mg K
K , 81 K
K 4 K K
K , Ca K
K . Fe K
10,230 keV 10,230
Integral 8 = 456
seconds
Freset= Off
Disp= 1 Elapsed= 45 secs
X~-Ray Lines
W o, 0 K , VvV L .V L ,V L
L
K , Mg K , Mg K
K , Si K
K 4, Ca K
K , Fe K
10. 230 keV 10,230
Integral 8 = 166




I-Apr—1992 11:34:30

Execution time = & seconds
2414=-SWB-4, C, #06, SA Freset= Off
Vert= 500 counts Disp= 1 Elapsed= 25 secs
Eriergy Counts X-Ray Lires
0. 51 1104, 0O K ,0 K ,V L ,VvVv L ,V L ,
vV L
1. 85 801, Mg K , Mg K , Mg K
1.74 =448, 51 K, 81 K
3. 67 227, Ca K , Ca K
&. 41 ZES. Fe K , Fe K

Quantex)
0. 120 Range= 10,230 keV 10,230
Integral 8 = 405



9-Apr—-1932 11:58:56
Execution time =

7 seconds

24142-5W8-4,C, #15, SA Freset= OFff
Vert= 200 counts Disp= 1 Elapsed= 37 secs
Erergy Counts X—-Ray Lines
0.3S1 754, O K ,0 K , v L .V L ,V L ,
v L
1.24 477. Mg K, Mg K
1.73 1542, Si K, 8Bi K
3.68 210, Ca K , Ca K
&. 38 142, Fe K , Fe K
Quartex?
Q. 120 Rarige= 10,230 keV 10,230
Integral 8 = 273
F-Apr=-1992 12:01:08
Execution time = 7 seconds
24142~5W8-4,C, #35,5A Freset= OfFf
Vert= 200 counts Disp= 1 Elapsed= 27 secs
Eriergy Counts X—-Ray Lires
0.351 407, O ¥ .0 K ,V L .,V L 4,V L ,
vV L
1.25 270, Mg K , Mg K , Mg K
1.73 786. Si K ., Si K
3. 3 Se. K K 4, K K
3. 70 143, Ca K , Ca¥K
€. 39 as, Fe K , Fe K
Quantex)
0. 120 Range= 10. 230 keV 10,230

Integral 8 =



co
Q
cMQ

coQ

NAM

UF
AD

A

ADX

AQ
A
ADQ

AZQ

AZl

AZZQ

NAM

TABLE 4,

~

CLASSIFICATION OF FIBERS WITH TUBULAR MQRPHOLOGY

Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology
Chrysotile SAED pattern
Chrysatile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SAED pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR 1YORPHOLOGY
Unidentified Fiber

Amphibole by random orientation SAED ‘shows layer
pattern of 0,53 nm spacing)

Amphibole by qualitativg EDXA.  Spectrum has e1eﬁehta1
components consistent with amphibole

Amphibole by random orientaticn SAZD and Qualitative
E0XA

Amphibole by Quantitative EDXA
Amphibole by one Zone Axis SAED

Amphibole by random orientation SAED and Quantitative
EDXA

émpgibole by one Zone Axis SAED pattern and Quantitative
DX

Amphibole by two Zone Axis SAED patterns with consistent
inter-axial angle

Amphibole by two Zone Axis SAED patterns, consistent
inter-sxial ancgle and Quantitative EDXA

Non-Asbestos Mineral ,



Analysis of Water by Transmission Electron Microscopy
(EPA-600/4-83-043)

EMS No. 24142 Client SCHAFER & ASSOC.

Sample No. SW 11-4

Date 4/6/92

Total Asbestos Fibers 3.9 MFL
Chrysotile Fibers ‘BDL MFL
Amphibole Fibers 3.9 MFL
> 5 Micron length (chrysotile) *BDL MFL
> 5 Micron length (amphibole) 2 MFL
Mass (Chrysatile) *BDL ug/L
Mass (amphibole) 1.6 nug/L
More/Less than 5 Chrysotile

Fibers in Sample LESS

More/Less than 5 Amphibole :

Fibers in Sample _ - LESS

Poisson 95% Confidence Interval 0.4 to 14 MFL
Detection Limit 2 MFL

* BDL : Below Detection Limit; MFL: Million Fibers per Liter

Size Distribution (Chrysotile and Amphibole)

Particle Length - Microns
O -049 0.50 - 0.99 1.00 - 1.49 1.50 - 1.99 2.00 - 2.49 25 & UP

0 0 1 0 0 1

Particle Width - Microns

O - .04 .05 - .09 g - .14 15 - 19 2 - .24 .25 & UP
0 1 0] - 1 0 0
Aspect Ratio L/w
0 - 99 10 - 19.9 20 - 29.9 30 - 39.9 40 - 499 50 & UP
0 0 1 . 0 . 0 1

GB320C EMS LABORATORIES 117 West Bellevue Drive / Pasadena CA Q1INS.25N2 / R18_8KQ ANKS
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e—-Apr—-1938 07:52:29
Execution time =
c414s, 4, A, #01, RS

& seconds

Verts= 200 cocunts Disp=s 1
Erergy Counts ¥-Ray Lines
1. 26 250, Mg K , Mg K
1,74 1057, Si K , Si K
3.68 129. Ca K , Cak
&.37 95. Fe K , Fe K
8.05 7793. Cu K , Cu K
8. 88 91. Cu K , Cu

Quantex?

0. 240 Range= 10,230

K

Freset=
Elapsed=

Mo K

Integral 8

off
29 secs

10,230

i
n
[Vy]



A ACBE IO ANCLYT'S

I v -y
AS Lab No. ;H )\ L,JZ e . ﬁu)gm q
GIA D
mple No Qw - A i GRID conl”]
p : .Q L] wonel ]
v T T R mnase [
» &) "
>. Grid Address i
B] scrcen Mgnification IEI 3 dljx
é Camera Constant __13_'3’__
Acceleaating Voltage 100KV
< Beam Carrent _&_ a ) ]
. Analyst (§\' M’W . - Dutc__/ [6/__?2
Dimensions (mm) Fiber Classilication EDS Analysis
Grid opening| Str #| Str{| Widih | Length NAMITM MDD joVQjADQj [UFJAD | AX JADX | AQJADQ|AZQJAZZ] [Na Mg} Si|Ca | Fe ] Id Comments
L1 1elg las 1A ¥
a2 - 12D | 1V I |25 - 4 S
2 I nvdr
£ =1 = | BN V42 | I ‘ ;
= | AL
G NSO
7/ ,A_/§19 _
~OBSERVATIONS: Clom 1] — —
e Dcbsis: D/ Very Light L Ligt D Mauodcerate D/ Heavy B/ Very Heavy D .
Gypsum: D Very Light D I.igh! D Mudcerate D llcavy D Very Hcavy D
Other E] ' .
- F3ING Enas | ABORATORIES 117 West Bellevue Drive / Pasadena CA 91105-2503 / R18-441-2303



6—Apr—1332 08:23:45
Executicrn time = & seconds

24142, 4, B, #01, SA Preset= OFff
Vert= Z00 counts Digp= 1 Elapsed= 48 secs
Energy Counts X—-Ray Lines
0.51 466. 0 K .0 K , V¢V L .,V L .V L ,
v L
1.25 P Mg K, Mg K, Mg K

1.74% 1003, 51 K, 81 K
2. 62 135. Ca K , Ca K
.38 152, Fre M, Fe K
8.03 8ec. Cu K . Cu K
8.91 134, Cu K o+ Cu K
Quanrtex?
Q. 240 Raripe= 10.230 keV 10,830
Integral & = 239
\
3
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TABLE 3. CLASSIFICATION OF FIBERS WITH TUBULAR MORPHOLOGY
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ADQ -
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Tubular Morphology not sufficiently characteristic
for classification as chrysotile

Characteristic Chrysotile Morphology

Chrysotile SAED pattern

Chrysotile composition by Quantitative EDXA

Chrysotile Morphology and composition by
Quantitative EDXA

Chrysotile SASD pattern and composition by
Quantitative EDXA

Non-Asbestos Mineral

CLASSIFICATION OF FIBERS WITHOUT TUBULAR MORPHOLOGY
Unidentified Fiber

Amphibole by random orientation SAED ‘shows layer
pattern of 0.53 nm spacing)

Amphibole by qualitative ESDXA. Spectrum has eledehtal
components consistent with amphibole

égphibo1e by random orientaticn SAZD and Qualitative
XA .

Amphibole by Quantitative EDXA
Amphibole by one Zone Axis SAED

éggzibole by random orientation SAED and Quantitative
égg:ibo!e by one Zone Axis SAED pattern and Quantitative

Amphibole by two Zone Axis SAED patterns with consistent
inter-axial angle :

Amphibole by two Zone Axis SAED patterns, consistent

inter-sxial angle and Quantitative EDXA

Non-Asbestos Mineral ¢




